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SPECIFICATION 

REMEDY FOR PRION DISEASE AND METHOD OF PRODUCING THE SAME 

TECHNICAL FIELD 
[0001] 

The present invention relates to a remedy for a prion 
disease, the remedy containing as an effective component 
mesenchymal cells and, in particular, mesenchymal cells 
having abnormal prion growth inhibitory activity, and a 
method for producing it. Furthermore, the present 

invention relates to cells into which a gene having 
abnormal prion growth inhibitory activity is introduced and, 
in particular, mesenchymal cells, and a method for 
producing same. Moreover, the present invention relates to 
a method for treating a prion disease using the above- 
mentioned remedy and/or cells, or an anti-prion antibody. 
Furthermore, the present invention relates to an agent for 
delivering a substance to a lesion site of a prion disease 
by the use of mesenchymal cells. 
BACKGROUND ART 
[0002] 

Recently, prion disease caused by the accumulation of 
abnormal prion protein (PrP Sc ) has received much attention. 
Prion disease is seen in various species of animal, and 
human kuru, Creutzfeldt- Jakob disease (CJD) , and Gerstmann- 
Straussler-Scheinker disease (GSS) , sheep and goat scrapie, 
mink transmissible encephalopathy, deer chronic wasting 
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disease, bovine spongiform encephalopathy (BSE) , feline 
spongiform encephalopathy, etc. are known. In all of these 
there are the common features that the incubation period up 
to onset is long, brain atrophy accompanied by neuronal 
loss is observed, and various neurological symptoms are 
presented . 
[0003] 

Prion protein is protein that is usually present on 
the surface of a normal cell. Normal prion protein (PrP c ) 
and PrP Sc have an identical amino acid sequence but a 
different conformation, and as a result the two have 
completely different biological and physical properties. 
At present, a hypothesis that PrP c changes into PrP Sc upon 
contact with PrP Sc and, as a result, PrP Sc grows and 
modifies neurons to cause a prion disease is plausible, but 
the precise mechanism is as yet unclear. A prion disease 
has the property of infecting by crossing an interspecies 
barrier as a result of ingestion or administration of PrP Sc 
and, among others, human infection with BSE has become a 
serious problem in recent years. 
[0004] 

The human body is infected with BSE as a result of 
ingestion, etc. of a specific bovine site containing PrP Sc , 
thus causing variant Creutzfeldt- Jakob disease (vCJD) . 
vCJD is a disease in which neurological manifestations and 
disorders of higher functions (deterioration of memory, 
deterioration in calculating ability, disorientation, 



behavioral abnormalities, change in character, indifference, 
anxiety, insomnia, agnosia, hallucinations, etc.) occur 
first, dementia, delusions, and apraxia rapidly progress in 
a few months, furthermore, standing up and walking become 
impossible, akinetic mutism occurs in 3 to 7 months, and 
death is caused by general prostration, respiratory 
paralysis, pneumonia, etc. in 1 to 2 years. There have 
been 154 reported cases worldwide of vCJD due to infection 
with BSE up to March 2005, the first infected Japanese 
person was reported on February 4, 2005, and the influence 
of vCJD is gradually widening. According to a trend 
prediction, it is estimated that a few thousand to a few 
tens of thousands of patients will manifest symptoms in the 
near future, and it is expected that there will be at least 
a few tens of thousands of patients per year in Japan in 
the future. 
[0005] 

In such circumstances, a broad range of research into 
the treatment of prion disease has been carried out, but 
the current situation is that no effective., treatment method 
has yet been established. 

In initial research, attempts to search for an 
effective agent for prion disease from among known 
compounds were made; it has been suggested from the results 
of cultured cell or animal experiments that, among them, 
amphotericin B (Xi YG et al . 1992. Nature 356(6370): 598- 
601), Congo red (Caughey B et al . 1992. J Neurochem 59(2): 
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768-71), anthracycline (Tagliavini F et al. 1997. Science 
276(5315): 1119-22), cysteine protease inhibitors such as 
quinacrine, tilorone, chloroquine, and E-64d (Doh-Ura K et 
al. 2000. J Virol 74(10): 4894-7), phenothiazine 
derivatives such as promazine, chlorpromazine, and 
acepromazine (Korth C et al. 2001. Proc Natl Acad Sci USA 
98(17): 9836-41), tetrapyrroles such as porphyrin and 
phthalocyanine (Caughey WS et al . 1998. Proc Natl Acad Sci 
USA 95(21): 12117-22), pentosan polysulfate, reactive dyes 
such as reactive green and reactive red, quinines such as 
quinine, 8-hydroxyquinoline-2-carboxaldehyde 8- 

quinolylhydrazone, 2-pyridinecarboxaldehyde 2- 

quinolylhydrazone, and 2 , 2 1 -biquinoline (JP, A, 2003-40778), 
etc. might be effective, but the usefulness thereof has not 
yet been established. 
[0006] 

In Patent Publication 1 it is stated that, noting 
that the expression of PrP c , and consequently PrP Sc , can be 
suppressed by decreasing the acidic isoform of GAPDH and/or 
increasing the basic isoform thereof, it is possible to 
prevent and treat a prion disease by the administration of 
an antisense nucleic acid of GAPDH or deprenyl . However, 
in such a method, there is a possibility that, although the 
generation of PrP Sc might be reduced, the expression of PrP c 
is suppressed at the same time, and there might be a 
problem with achieving the original function of PrP c . 
[0007] 
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Non-patent Publication 1 states that the formation of 
PrP Sc is inhibited in vitro by a mutant of PrP c by the 
dominant negative effect, suggesting its usefulness in the 
treatment of a prion disease, but its usefulness in vivo 
has not yet been confirmed. 

Furthermore, it has been reported recently that an 
anti-prion antibody inhibits the formation of PrP Sc in 
vitro and also has an effect in reducing PrP Sc and an 
effect in prolonging life in a scrapie model mouse in vivo 
(Non-patent Publication 2) ; an antibody therapy for a prion 
disease has attracted attention, but it has subsequently 
been reported that administration of an anti-prion antibody 
has caused apoptosis in neurons of the hippocampus and the 
cerebellum (Non-patent Publication 3), and its usefulness 
is still unclear. 
[0008] 

As hereinbefore described, in spite of intensive 
world-wide research being carried out, no treatment method 
that is effective for a prion disease currently exists, and 
there has been a strong desire for new remedies and 
treatment methods . 

[Patent Publication 1] JP, A, 2004-81034 
[Patent Publication 2] WO 03/038074 

[Non-patent Publication 1] Kaneko K et al . 1997. Proc 
Natl Acad Sci USA. 94(19): 10069-74 

[Non-patent Publication 2] White AR et al. 2003. Nature 
422 (6927) : 80-3 
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[Non-patent Publication 3] Solforosi L et al. 2004. 
Science 303(5663): 1514-6 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] 

It is an object of the present invention to provide a 
drug that is effective for the treatment of a prion disease 
and is very safe. 

MEANS FOR SOLVING THE PROBLEMS 
[0010] 

As a result of an intensive investigation by the 
present inventors in order to solve the above-mentioned 
problems, it has been found that by continuously 
administering an anti-prion antibody to a prion disease 
model mouse, a remarkable therapeutic effect can be 
obtained. Furthermore, it has been found that by 

introducing a gene that codes for the above-mentioned 
antibody into myeloid stem cells, said gene is successfully 
expressed and the myeloid stem cells survive in an affected 
region, and the present invention has thus been 
accomplished. 
[0011] 

That is, the present invention relates to an agent 
for the treatment of a prion disease, the agent comprising 
mesenchymal cells as an effective component. 
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Furthermore, the present invention relates to the 
agent wherein the mesenchymal cells have abnormal prion 
growth inhibitory activity. 

Moreover, the present invention relates to the agent 
wherein the mesenchymal cells have introduced thereinto an 
anti-prion antibody gene having abnormal prion growth 
inhibitory activity. 

Furthermore, the present invention relates to the 
agent, wherein the antibody gene comprises an antibody 
heavy chain gene and an antibody light chain gene, 

the antibody heavy chain gene being selected from the 
group consisting of 

(la) a nucleic acid that contains a sequence selected from 
the group consisting of SEQ ID NOS : 1, 3, 5, 30, 32, and 34, 
(lb) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 
(la) above, 

(lc) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (la) or (lb) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 

(Id) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (la) to (lc) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, 
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the antibody light chain gene being selected from the 
group consisting of 

(2a) a nucleic acid containing a sequence selected from the 
group consisting of SEQ ID NOS : 2, 4, 6, 31, 33, and 35, 
(2b) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 
(2a) above, 

(2c) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (2a) or (2b) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 

(2d) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (2a) to (2c) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, and 

an antibody obtained by expression of the antibody 
heavy chain gene and the antibody light chain gene having 
abnormal prion growth inhibitory activity. 
[0012] 

Moreover, the present invention relates to the agent, 
wherein it is for intravenous administration. 

Furthermore, the present invention relates to the 
agent, wherein the mesenchymal cells are selected from the 
group consisting of bone-marrow cells, umbilical cord blood 
cells, and peripheral blood cells. 
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Moreover, the present invention relates to an anti- 
prion antibody gene comprising an antibody heavy chain gene 
and an antibody light chain gene, 

the antibody heavy chain gene being selected from the 
group consisting of 

(la) a nucleic acid that contains a sequence selected from 
the group consisting of SEQ ID NOS: 1, 3, 5, 30, 32, and 34, 

(lb) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 

(la) above, 

(lc) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (la) or (lb) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 

(Id) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (la) to (lc) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, 

the antibody light chain gene being selected from the 
group consisting of 

(2a) a nucleic acid containing a sequence selected from the 
group consisting of SEQ ID NOS: 2, 4, 6, 31, 33, and 35, 
(2b) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 
(2a) above, 
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(2c) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (2a) or (2b) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 

(2d) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (2a) to (2c) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, and 

an antibody obtained by expression of the antibody 
heavy chain gene and the antibody light chain gene having 
abnormal prion growth inhibitory activity. 

[0013] 

Furthermore, the present invention relates to a 
vector comprising the anti-prion antibody gene. 

Moreover, the present invention relates to the vector, 
wherein it is an adenovirus vector containing an RGD 
sequence. 

Furthermore, the present invention relates to an 
anti-prion chimera antibody comprising an antibody variable 
region that is coded for by the anti-prion antibody gene, 
and an antibody constant region of an animal other than a 
mouse . 

Moreover, the present invention relates to the anti- 
prion chimera antibody, wherein it is coded for by 

an antibody heavy chain gene selected from the group 
consisting of 
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(la) a nucleic acid that contains a sequence selected from 
the group consisting of SEQ ID NOS : 30, 32, and 34, 

(lb) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 

(la) above, 

(lc) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (la) or (lb) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 

(Id) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (la) to (lc) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, and 

an antibody light chain gene selected from the group 
consisting of 

(2a) a nucleic acid containing a sequence selected from the 
group consisting of SEQ ID NOS: 31, 33, and 35, 

(2b) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 

(2a) above, 

(2c) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (2a) or (2b) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 
(2d) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
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of any one of (2a) to (2c) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for. 
[0014] 

Furthermore, the present invention relates to a 
nucleic acid that codes for the anti-prion chimera antibody. 

Moreover, the present invention relates to a method 
of producing a cells having abnormal prion growth 
inhibitory activity, the method comprising introducing into 
cells a gene that imparts abnormal prion growth inhibitory 
activity. 

Furthermore, the present invention relates to the 
method, wherein the gene that imparts abnormal prion growth 
inhibitory activity is an anti-prion antibody gene. 

Moreover, the present invention relates to a method 
of producing cells having abnormal prion growth inhibitory 
activity, the method comprising introducing the gene into 
cells via the vector. 

Furthermore, the present invention relates to the 
method, wherein the cells are mesenchymal cells. 

Moreover, the present invention relates to cells, 
produced by the method, having abnormal prion growth 
inhibitory activity . 

Furthermore, the present invention relates to a 
method of producing an agent for the treatment of a prion 
disease, the method comprising the above-mentioned method. 
[0015] 
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Moreover, the present invention relates to a 
sustained-release preparation for the treatment of a prion 
disease, the preparation releasing an anti-prion antibody. 

Furthermore, the present invention relates to the 
preparation, wherein the anti-prion antibody is an antibody 
that is coded for by the anti-prion antibody gene and/or 
the anti-prion chimera antibody. 

Moreover, the present invention relates to the 
preparation, wherein it is in osmotic pump form. 

Furthermore, the present invention relates to the 
preparation, wherein it comprises anti-prion antibody- 
secreting cells. 

Moreover, the present invention relates to the 
preparation, wherein the anti-prion antibody-secreting 
cells are cells, produced by the above-mentioned method, 
having abnormal prion growth inhibitory activity. 

Furthermore, the present invention relates to a 
method of treating a prion disease, the method comprising 
administering a therapeutically effective amount of a 
remedy selected from the group consisting of the above- 
mentioned agent, vector, anti-prion chimera antibody, and 
preparation. 

Moreover, the present invention relates to a method 
of treating a prion disease, the method comprising 
sustainedly releasing an anti-prion antibody. 
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Furthermore, the present invention relates to the 
method, wherein it comprises administering the sustained- 
release preparation and/or vector. 

Moreover, the present invention relates to the method, 
wherein it comprises introducing an anti-prion antibody 
gene into target cells. 

Furthermore, the present invention relates to the use 
of mesenchymal cells in producing an agent for delivering a 
substance to a lesion site of a prion disease. 

Moreover, the present invention relates to an agent 
for delivering a substance to a lesion site of a prion 
disease, the agent comprising mesenchymal cells. 

EFFECTS OF THE INVENTION 
[0016] 

By the administration of the remedy or the treatment 
method of the present invention, it becomes possible to 
treat a prion disease, which had been thought to be 
impossible, and a great contribution to medical and 
veterinary fields can be expected. Moreover, since 
mesenchymal cells (mesenchymal stem cells) , which are used 
in the agent of the present invention, can be produced from 
bone marrow, umbilical cord blood, or peripheral blood, no 
ethical concerns arise, unlike a case in which ES cells are 
used and, furthermore, since production from self-derived 
cells is easy, there is little possibility of causing an 
undesirable biological reaction such as a rejection 



response when administered. Furthermore, although a 

conventional remedy principally only has PrP Sc growth 
inhibitory activity and can only delay the progression of 
symptoms, the agent of the present invention can exhibit, 
in addition to such activity, excellent effects in not only 
delaying the progression of symptoms but also in improving 
the symptoms, which could never be achieved by the 
conventional remedy, since mesenchymal cells that have 
migrated to an affected area become fixed thereto and 
themselves differentiate into neurons to thus reconstruct 
denatured nerve tissue. Moreover, since the delivery agent 
of the present invention can deliver a desired substance 
such as a remedy or a labeled substance to a lesion site of 
a prion disease, it greatly contributes not only to the 
treatment of a prion disease but also to research and 
diagnosis thereof. The above-mentioned effects of the 
present invention can easily be confirmed by, for example, 
administering the remedy of the present invention to a 
prion disease model mouse. 

BRIEF DESCRIPTION OF DRAWINGS 
[0017] 

[FIG. 1] A schematic diagram showing the positional 
relationship between an antibody gene and a primer. 
[FIG. 2] A schematic diagram showing a procedure of 
cloning an antibody gene into an expression vector. 
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[FIG. 3] A diagram showing the result of evaluation by a 
Western blot method of the expression of an antibody by 
antibody gene-transf ected 293T cells. 

[FIG. 4] A graph showing the ability of an antibody 
produced by the antibody gene-transf ected 293T cells to 
bind to a prion protein. 

[FIG. 5] A schematic diagram of a cosmid containing an 
antibody gene. 

[FIG. 6] A diagram showing the results of FACS analysis 

carried out for CD45+ cells and CD45- cells. 

[0018] 

[FIG. 7] A photographic diagram showing the 

morphological difference between CD45+ cells and the CD45- 
cells . 

[FIG. 8] A diagram showing the result of evaluation by a 
Western blot method of the expression of an antibody gene 
by ICR mouse MSC simultaneously infected with adenovirus 
vectors Ax43C5H and Ax43C5L containing 43C5 antibody gene. 
Lane 1 is a control, and Lane 2 is cells with antibody gene 
introduced thereinto . 

[FIG. 9] A photographic diagram showing an isotype of an 
antibody produced by human and mouse MSC into which has 
been introduced an expression vector (pCAcc/72-5H and 
pCAcc/72-5L) containing 72-5 antibody gene or an expression 
vector (pCAcc/44BlH and pCAcc/44BlL) containing 44B1 
antibody gene. 
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[FIG. 10] A photographic diagram showing the result of 
staining, with X-gal, ICR/MSC into which a LacZ gene has 
been introduced. 

[FIG. 11] A diagram showing the result of FACS analyses 
carried out for human MSC or ICR/MSC into which a DsRed 
gene has been introduced. 
[0019] 

[FIG. 12] A photographic diagram showing the state of 
brain tissue after 72-5 antibody or 44B1 antibody has been 
intracerebrally administered to a prion disease model mouse 
for a predetermined period. KLH was used as a negative 
control . 

[FIG. 13] A diagram comparing the amount of PrP Sc 
accumulated after 72-5 antibody or 44B1 antibody was 
intracerebrally administered to a prion disease model mouse 
for a predetermined period, with one to which KLH was 
administered as a negative control. Figures in the drawing 
denote the ratio of the amount of PrP Sc accumulated in the 
subject to which the antibody was administered when the 
figure with KLH is defined as 1.00. 

[FIG. 14] A photographic diagram showing the state after 
transplanting LacZ-expressing MSC into a prion disease 
model mouse (infected mouse) or a normal ICR mouse 

(noninfected mouse) . 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0020] 
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Unless otherwise stated in the present specification, 
scientific and technical terms used with respect to the 
present invention have the meaning normally understood by a 
person skilled in the art. In general, terms and 

techniques used with respect to cell and tissue culturing, 
molecular biology, immunology, microbiology, gene, protein, 
and nucleic acid chemistry, and hybridization described in 
the present specification are well known in the art and 
normally used. In general, unless otherwise stated, the 
methods and techniques of the present invention are carried 
out in accordance with standard methods well known in the 
art and as described in various general and specialized 
publications referred to or discussed in the present 
specification. As such publications, for example, there 
can be cited Sambrook et al . , Molecular Cloning: A 
Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory 
Press (1989) and Sambrook et al . , Molecular Cloning: A 
Laboratory Manual, 3d ed., Cold Spring Harbor Press (2001); 
Ausubel et al . , Current Protocols in Molecular Biology, 
Greene Publishing Associates (1992, and supplement in 
2000); Ausubel et al., Short Protocols in Molecular 
Biology: A Compendium of Methods from Current Protocols in 
Molecular Biology - 4 th Ed., Wiley & Sons (1999); Harlow 
and Lane, Antibodies: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press (1990); and Harlow and Lane, Using 
Antibodies: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press (1999) , etc. 
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[0021] 

Enzyme reactions and purification techniques are 
carried out in accordance with manufacturer-supplied 
specifications and as normally carried out in the art or as 
described in the present specification. Terms, 
experimental procedures, and techniques used with respect 
to analytical chemistry, synthetic organic chemistry, 
medicinal chemistry, and pharmaceutical chemistry described 
in the present specification are well known in the art and 
normally used. Standard techniques are employed in 

chemical synthesis, chemical analysis, production, 
formulation, and delivery of an agent, and treatment of a 
subj ect . 

The term 'subject 1 referred to in the present 
invention means any biological individual, preferably an 
animal, more preferably a mammal, and yet more preferably a 
human individual. In the present invention, the subject 
may be healthy or affected by any disease, but when an 
attempt is made to treat a prion disease, the subject is 
typically a subject affected by said disease or an 
experimentally affected subject, for example, a rodent such 
as a mouse, a rat, a sand rat, or a guinea pig, an animal 
of the feline family such as a cat, a puma, or a tiger, a 
cervid such as a deer or an elk, a mink, a sheep, a goat, a 
cow, a monkey, man, etc. 
[0022] . 
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In the present invention, there is provided an agent 
for the treatment of a prion disease, the agent containing 
mesenchymal cells as an effective component. 

The prion disease referred to in the present 

Sc 

invention includes all diseases that are caused by PrP . 
Examples of such diseases include kuru, Creutzfeldt- Jakob 
disease (CJD) , Gerstmann-Straussler-Scheinker disease (GSS), 
sheep and goat scrapie, mink transmissible encephalopathy, 
deer chronic wasting disease, bovine spongiform 
encephalopathy (BSE) , and feline spongiform encephalopathy, 
but are not limited thereto. The above-mentioned diseases 
may be congenital or acquired (including those that are 
contagious), and examples thereof include variant CJD 
(vCJD) , which is thought to develop by ingestion of BSE- 
infected beef, and iatrogenic CJD due to the use of human 
dried dura mater, etc. The prion disease of the present 
invention also includes any unknown disease that is caused 
by PrP Sc . 
[0023] 

The mesenchymal cells referred to in the present 
invention preferably mean bone-marrow cells (a mononuclear 
cell fractionated component of bone-marrow cells) , 
umbilical cord blood cells, peripheral blood cells, 
mesenchymal stem cells, cells derived from these cells, etc. 
The mesenchymal cells of the present invention include, for 
example, cells related to the mesenchymal system and 
mesodermal stem cells. In addition, if cells that are 
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described as 'mesenchymal cells 1 in the present invention 
are classified as cells other than mesenchymal cells in the 
future, said cells may suitably be used in the present 
invention . 
[0024] 

The bone marrow includes as stem cells hematopoietic 
stem cells and 'mesenchymal stem cells (MSC: Mesenchymal 
Stem Cells) 1 . The 'stem cells' referred to here are 
undifferentiated cells that generally have both an ability 
to self-propagate and an ability to differentiate into 
cells having a specific function in a process of 
physiological growth and differentiation of cells forming a 
biological body. Hematopoietic stem cells are stem cells 
that differentiate into red blood cells, white blood cells, 
or blood platelets. It is known that there is a case in 
which mesenchymal stem cells differentiate into neurons via 
neural stem cells, a case in which they differentiate 
directly into neurons without becoming neural stem cells, a 
case in which they differentiate into neurons via stroma 
cells, a case in which they differentiate into an internal 
organ, a case in which they differentiate into a vascular 
system, or a case in which they differentiate into bone, 
cartilage, fat, or muscle. 
[0025] 

In the present invention, it is mainly mesenchymal 
stem cells that are used, but it should be mentioned that 
there is a possibility that hematopoietic stem cells or 
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other stem cells (progenitor cells) in the body might be 
used. Mesenchymal stem cells may be obtained by separating 
them from bone-marrow cells harvested from the bone marrow, 
etc. In addition, bone-marrow cells from which mesenchymal 
stem cells have not been separated may be used for the 
treatment in the same manner as mesenchymal stem cells 
although the usefulness is slightly inferior. 

It might be expected that there would be a 
possibility that cells like mesenchymal stem cells could be 
produced from peripheral blood. In practice, the present 
inventors have successfully induced cells that express 
markers for neural stem cells or neural cells (neurons, 
glial cells) from cells cultured from cells present in 
peripheral blood. On the other hand, the present inventors 
have already found that, when ES cells or mesodermal stem 
cells (mesenchymal stem cells) prepared from a mononuclear 
cell fraction separated from bone marrow fluid or umbilical 
cord blood are cultured in a standard culture, said ES 
cells or said mesodermal stem cells (mesenchymal stem 
cells) are induced to differentiate into neural stem cells, 
neurons, or glial cells (ref. Patent Publication 2). It is 
therefore possible to produce cells having the same 
function as that of mesenchymal stem cells by culturing 
cells in peripheral blood, and utilize them in the present 
invention. 
[0026] 
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The mesodermal stem cells referred to in the present 
invention mean cells forming tissue that is embryologically 
classified as the mesoderm, and includes blood cells. The 
mesodermal stem cell referred to here means a cell that can 
copy (divide, grow) a cell having the same ability as 
itself and has the ability to differentiate into all types 
of cells forming mesodermal tissue. The mesodermal stem 
cell is a cell having, for example, SH2+, SH3+, SH4+, CD29+, 
CD44+, CDllb-, CD14-, CD34-, and CD45- features, but is not 
limited by these markers. Furthermore, the so-called stem 
cells related to the mesenchymal system are also included 
in the mesodermal stem cells of the present invention. 
[0027] 

The above-mentioned cells related to the mesenchymal 
system mean mesenchymal stem cells, mesenchymal cells, 
progenitor cells of mesenchymal cells, and cells derived 
from mesenchymal cells. 

Mesenchymal stem cells mean, for example, stem cells 
that can be obtained from bone marrow, peripheral blood, 
skin, hair root, muscular tissue, endometrial membrane, 
blood, umbilical cord blood and, furthermore, an initial 
culture of various tissues. Cells that have the same 
function as that of mesenchymal stem cells that can be 
obtained by culturing cells in peripheral blood are also 
included in the mesenchymal stem cells of the present 
invention. 
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As preferred mesenchymal cells in the present 
invention, bone-marrow cells and myeloid stem cells can 
suitably be cited. In addition, preferred examples of the 
cells of the present invention include umbilical cord blood 
cells, peripheral blood cells, and fetal liver cells. 
[0028] 

With regard to a preferred embodiment of bone-marrow 
cells, umbilical cord blood cells, peripheral blood cells, 
and fetal liver cells in the present invention, a cell 
fraction that is one fraction of cells obtained by 
separation from bone marrow, umbilical cord blood, 
peripheral blood, or fetal liver, and that contains cells 
that can differentiate into neural cells can be cited. 

In another embodiment, said cell fraction is a cell 
fraction containing mesodermal stem cells having SH2+, SH3+, 
SH4+, CD29+, CD44+, CD14-, CD34-, and CD45- features. 

In the present invention, examples of cell fractions 
other than the above include cell fractions containing 
stroma cells having Lin-, Sca-1+, CD10+, CD11D+, CD44+, 
CD45+, CD71+, CD90+, CD105+, CDW123+, CD127+, CD164+, 
f ibronectin+, ALPH+, and collagenase-l+ features, or a cell 
fraction containing cells having AC133+ features. 

Furthermore, in the present invention, the cells 
contained in the above-mentioned cell fraction are 
preferably cells that can differentiate into neural cells. 
[0029] 
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The cell fraction in the present invention includes 
cells that are in a mononuclear cell fraction obtained by 
separation from bone-marrow cells and can differentiate 
into neural cells. Another embodiment includes cells that 
are in a mononuclear cell fraction obtained by separation 
from, for example, umbilical cord blood cells, peripheral 
blood cells, or fetal liver cells and can differentiate 
into neural cells. Another embodiment includes cells that 
are mesenchymal stem cells in bone marrow released into 
peripheral blood using, for example, an active substance or 
a drug and can differentiate into neural cells. Although 
it is not clear whether the differentiation of the cells 
contained in the cell fraction of the present invention 
into neural cells is caused by the so-called transformation 
of blood system cells into neural cells, or is due to 
differentiation of immature cells, capable of 
differentiating into neurons, that are present in bone- 
marrow cells, umbilical cord blood cells, or peripheral 
blood cells, etc., it is surmised that the cells that 
differentiate into neural cells are mainly stem cells, that 
is, self-propagating and multipotential cells. Furthermore, 
cells that differentiate into neural cells can be stem 
cells that have differentiated into another germ layer to 
some degree . 
[0030] 

The cells contained in the cell fraction of the 
present invention do not need to grow by means of a 
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nutritional factor (it is possible to grow by means of a 
nutritional factor), are easy and highly practical in terms 
of the development of a nerve autotransplantation technique, 
and can be said to give great benefit to the healthcare 
industry. The bone-marrow cells, umbilical cord blood 
cells, and peripheral blood cells (cell fraction) in the 
present invention are generally of vertebrate origin. They 
are preferably of mammal origin (e.g. mouse, rat, rabbit, 
mink, cat, sheep, goat, cow, deer, pig, dog, monkey, man, 
etc.), but are not particularly limited. 
[0031] 

The cell fraction in the present invention may be 
prepared by, for example, subjecting bone-marrow cells or 
umbilical cord blood cells harvested from a vertebrate to 
density-gradient centrif ugation in solution at 2000 rpm for 
a period of time sufficient for separation according to 
specific gravity and, after the centrif ugation, collecting 
a cell fraction having a certain specific gravity contained 
in the specific gravity range of 1.07 to 1.1 g/mL. The 
'period of time sufficient for separation according to 
specific gravity 1 referred to here means a period of time 
sufficient for cells to occupy a position according to 
their specific gravity within the solution for the density- 
gradient centrifugation, and is usually on the order of 10 
to 30 minutes. The specific gravity of the cell fraction 
to be collected is preferably in the range of 1.07 to 1.08 
g/mL, and is for example 1.077 g/mL. The solution for the 
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density-gradient centrif ugation may employ a Ficol solution 
or a Percol solution, but is not limited thereto. It is 
also possible to prepare umbilical cord blood cells 
harvested from a vertebrate in the same manner as above and 
use them as a cell fraction. 
[0032] 

As a specific example, bone marrow fluid (5 to 10 pL) 
harvested from a vertebrate is first mixed with a solution 
(IL-15 2 mL + Ficol 3 mL) , and a mononuclear cell fraction 
(about 1 mL) is extracted by centrif ugation (2000 rpm, 15 
minutes) . This mononuclear cell fraction is mixed with a 
culture solution (NPBM 2 mL) in order to wash the cells, 
and centrifugation (2000 rpm, 15 minutes) is carried out 
again. Subsequently, after the supernatant is removed, 
precipitated cells are collected. The harvesting source 
for the cell fraction of the present invention may be, in 
addition to a thigh bone, a breast bone or an iliac bone 
forming the pelvis. Other than these bones, a large bone 
may be used for harvesting. It is also possible to harvest 
from bone marrow fluid or umbilical cord blood stored in a 
bone marrow bank. When umbilical cord blood cells are used, 
they may be harvested from umbilical cord blood stored in a 
bone marrow bank. 
[0033] 

Another embodiment of the cell fraction of the 
present invention is a cell fraction that is a mononuclear 
cell fraction obtained by isolation and purification from 
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bone-marrow cells, umbilical cord blood cells, or 
peripheral blood cells and that contains mesodermal stem 
cells (mesenchymal stem cells) that can differentiate into 
neural cells. The cell fraction containing mesodermal stem 
cells may be obtained by, for example, selecting cells 
having the above-mentioned cell surface marker such as SH2 
from the above-mentioned cell fraction obtained by 
centrifugation of the bone-marrow cells, the umbilical cord 
blood cells, or the peripheral blood cells. 
[0034] 

Furthermore, a cell fraction containing mesodermal 
stem cells (mesenchymal stem cells) that can differentiate 
into neural cells may be prepared by subjecting bone-marrow 
cells or umbilical cord blood cells harvested from a 
vertebrate to density-gradient centrifugation at 900 g in 
solution for a period of time sufficient for separation 
according to specific gravity and, after the centrifugation, 
collecting a cell fraction having a certain specific 
gravity contained in the specific gravity range of 1.07 to 
1.1 g/mL. The 'period of time sufficient for separation 
according to specific gravity' referred to here means a 
period of time sufficient for cells to occupy a position 
according to their specific gravity within the solution for 
the density-gradient centrifugation, and is usually on the 
order of 10 to 30 minutes. The specific gravity of the 
cell fraction to be collected can be varied depending on 
the type of animal from which the cells are derived (e.g. 
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man, rat, mouse) . The solution for the density-gradient 
centrif ugation may employ a Ficol solution or a Percol 
solution, but is not limited thereto. 
[0035] 

As a specific example, bone marrow fluid (25 mL) or 
umbilical cord blood harvested from a vertebrate is first 
mixed with the same amount of PBS solution, centrif ugation 
(900 g, 10 minutes) is carried out, and the precipitated 
cells are mixed with PBS and collected (cell concentration 
on the order of 4 x 10 7 cell/mL) , thus removing the blood 
components. Subsequently, 5 mL thereof is mixed with a 
Percol solution (1.073 g/mL) , and centrif ugation (900 g, 30 
minutes) is carried out, thus extracting a mononuclear cell 
fraction. The mononuclear cell fraction thus extracted is 
mixed with a culture solution (DMEM, 10% FBS, 1% 
antibiotic-antimycotic solution) in order to wash the cells, 
and centrif ugation (2000 rpm, 15 minutes) is carried out. 
Subsequently, the supernatant after centrif ugation is 
removed, and the precipitated cells are collected and 
cultured (37°C, 5% C0 2 in air) . 
[0036] 

Another embodiment of the cell fraction of the 
present invention is a cell fraction that is a mononuclear 
cell fraction obtained by separation from bone-marrow cells 
or umbilical cord blood cells and that contains stroma 
cells that can differentiate into neural cells. Stroma 
cells are cells that have, for example, Lin-, Sca-1+, CD10+, 
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CD11D+, CD44+, CD45+, CD71+, CD90+, CD105+, CDW123+, CD127+, 
CD164+, f ibronectin+ / ALPH+, and collagenase-l+ features. 
The cell fraction containing stroma cells may be obtained 
by, for example, selecting cells having a cell surface 
marker such as the above-mentioned Lin from the cell 
fraction obtained by centrif ugation of the bone-marrow 
cells or the umbilical cord blood cells. 
[0037] 

Furthermore, it may be prepared by subjecting bone- 
marrow cells or umbilical cord blood cells harvested from a 
vertebrate to density-gradient centrif ugation at 800 g in 
solution for a period of time sufficient for separation 
according to specific gravity and, after the centrifugation, 
collecting a cell fraction having a certain specific 
gravity contained in the specific gravity range of 1.07 to 
1.1 g/mL. The 'period of time sufficient for separation 
according to specific gravity' referred to here means a 
period of time sufficient for cells to occupy a position 
according to their specific gravity within the solution for 
the density-gradient centrifugation, and is usually on the 
order of 10 to 30 minutes. The specific gravity of the 
cell fraction to be collected is preferably in the range of 
1.07 to 1.08 g/mL, and is for example 1.077 g/mL. The 
solution for the density-gradient centrifugation may employ 
a Ficol solution or a Percol solution, but is not limited 
thereto . 
[0038] 



30 



As a specific example, bone marrow fluid or umbilical 
cord blood harvested from a vertebrate is first mixed with 
the same amount of a solution (PBS + 2% BSA + 0,6% sodium 
citrate + 1% penicillin-streptomycin) , 5 mL thereof is 
mixed with Ficol + Paque solution (1,077 g/mL) , and 
centrifugation (800 g, 20 minutes) is carried out, thus 
extracting a mononuclear cell fraction. This mononuclear 
cell fraction is mixed with a culture solution (aMEM, 12.5% 
FBS, 12.5% horse serum, 0.2% i-inositol, 20 mM folic acid, 
0.1 mM 2-mercaptoethanol, 2 mM L-glutamine, 1 \iM 
hydrocortisone, 1% antibiotic-antimycotic solution) in 
order to wash the cells, and centrifugation (2000 rpm, 15 
minutes) is carried out. Subsequently, the supernatant 
after centrifugation is removed, and the precipitated cells 
are collected and cultured (37°C, 5% C0 2 in air) . 
[0039] 

Another embodiment of the cell fraction of the 
present invention is a cell fraction that is a mononuclear 
cell fraction obtained by separation from bone-marrow cells, 
umbilical cord blood cells, peripheral blood cells, or 
fetal liver cells and that contains cells having AC133+ 
features that can differentiate into neural cells. This 
cell fraction may be obtained by selecting cells having a 
cell surface marker of the above-mentioned AC133+ from the 
cell fraction obtained by centrifugation of the bone-marrow 
cells, the umbilical cord blood cells, or the peripheral 
blood cells. 



Furthermore, as another embodiment, it may be 
prepared by subjecting fetal liver cells harvested from a 
vertebrate to density-gradient centrif ugation at 2000 
rotation in solution for a period of time sufficient for 
separation according to specific gravity and, after the 
centrif ugation, collecting a cell fraction having a 
specific gravity in the range of 1.07 to 1.1 g/mL, and 
collecting cells having AC133+ features from this cell 
fraction. The 'period of time sufficient for separation 
according to specific gravity' referred to here means a 
period of time sufficient for cells to occupy a position 
according to their specific gravity within the solution for 
the density-gradient centrif ugation, and is usually on the 
order of 10 to 30 minutes. The solution for density- 
gradient centrif ugation may employ a Ficol solution or a 
Percol solution, but is not limited thereto. 
[0040] 

As a specific example, liver tissue harvested from a 
vertebrate is first washed in an L-15 solution, subjected 
to an enzyme treatment (in a solution containing L-15 + 
0.01% DNasel, 0.25% trypsin, and 0.1% collagenase at 37°C 
for 30 minutes), and made into single cells by pipetting. 
These fetal liver cells that have become single cells are 
subjected to centrif ugation . The cells thus obtained are 
washed, and AC133+ cells are collected from the cells thus 
washed by utilizing AC133 antibody. This enables cells 
that can differentiate into neural cells to be prepared 
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from the fetal liver cells. The collection of AC133+ cells 
by utilizing the antibody may be carried out by utilizing 
magnetic beads or a cell sorter (FACS, etc.). 
[0041] 

After the cell fraction containing these mesodermal 
stem cells (mesenchymal stem cells), stroma cells, or 
AC133-positive cells is transplanted to a demyelinated 
spinal cord region, efficient remyelination occurs. In 
particular, the cell fraction containing the above- 
mentioned mesodermal stem cells (mesenchymal stem cells) 
may survive well and differentiate into neural cells or 
glial cells even when administered to a prion disease model. 

Furthermore, examples of cells, contained in the 
above-mentioned cell fraction, that can differentiate into 
neural cells include neural stem cells, mesodermal stem 
cells (mesenchymal stem cells), stroma cells, and AC133- 
positive cells contained in the above-mentioned cell 
fraction, but the cells are not limited to these examples 
as long as they can differentiate into neural cells. 

Moreover, examples of the effective component of the 
remedy for a prion disease in the present invention include 
not only bone-marrow cells, umbilical cord blood cells, and 
peripheral blood cells, but also the above-mentioned cell 
fraction . 
[0042] 

The mesenchymal cells used in the agent of the 
present invention, for example, the bone-marrow cells, 
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umbilical cord blood cells, or peripheral blood cells, may 
be used for administration as they are, but said cells may 
be modified in various ways in order to enhance the 
therapeutic efficiency. Therefore, in accordance with 
another aspect of the present invention, there is provided 
an agent for the treatment of a prion disease, the agent 
comprising such modified mesenchymal cells as an effective 
component . 

As an example of the above-mentioned modification, 
introduction of a gene that imparts PrP Sc growth inhibitory 
activity to the cells can be cited. The PrP Sc growth 
inhibitory activity referred to here means, for example, an 
ability to suppress or inhibit an absolute increase of the 
amount of PrP Sc present in the living body and/or an 
increase relative to the amount of PrP c present, or to 
bring about an absolute and/or a relative decrease in the 
amount of PrP Sc present. Such an effect may be achieved 
directly or indirectly, but it is preferable not to give 
any undesirable effect to a living body. Furthermore, the 
above-mentioned activity preferably involves a high degree 
of suppression, and most preferably reduces the amount of 
PrP Sc present. 
[0043] 

Examples of a gene that can impart PrP Sc growth 
inhibitory activity include a gene that codes for a 
polypeptide having PrP Sc growth inhibitory activity. Such 
polypeptides include an anti-prion antibody, cadherins such 
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as protocadherin 43 and OB-cadherin-1 (JP, A, 2000-512131), 
plasminogen, a plasminogen fragment, and a derivative 
thereof (JP, A, 2004-501626), but are not limited thereto. 
[0044] 

In the present invention, the anti-prion antibody 
referred to means an antibody that is capable of binding to 
PrP c and/or PrP Sc . In the present specification, unless 
otherwise specified, the term 'antibody 1 includes an intact 
immunoglobulin or an antigen-binding portion thereof. 
Examples of the antigen-binding portion include Fab, Fab', 
F(ab f ) 2 , Fv, dAb, and a complementarity determining region 
fragment, and also includes other portions that are capable 
of binding to PrP c and/or PrP Sc . The anti-prion antibody 
used in the present invention preferably has PrP Sc growth 
inhibitory activity, and examples thereof include those 
described in Non-patent Publication 2, Non-patent 
Publication 3, Enari M et al. 2001. Proc Natl Acad Sci USA 
98(16): 9295-9, Peretz D et al . 2001. Nature 412(6848): 
739-43, Gilch S et al . 2003. J Biol Chem 278(20): 18524-31, 
etc., and those produced by hybridoma clones 72-5 
(Depository No.: FERM P-18516) and 44B1 (Depository No.: 
FERM P-18515) , which were both deposited in the 
International Patent Organism Depositary, National 
Institute of Advanced Industrial Science and Technology 
(Post code 305-8566, Central 6, 1-1-1 Higashi, Tsukuba, 
Ibaraki, Japan) on September 14, 2001, etc. Furthermore, 
an anti-prion antibody that does in fact have said activity, 
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but for which the possession of such activity is not known, 
may suitably be used in the present invention as well. 
Such an antibody may be screened by an evaluation system 
employing a scrapie-inf ected cell line, etc. (ref. Enari M 
et al., Gilch S et al . above, etc.). 
[0045] 

The anti-prion antibody in the present invention 
includes a chimera antibody, a primatized antibody, and a 
humanized antibody. Such an antibody has poor 

immunogenicity in man, and is therefore more suitable than 
an antibody from , a nonhuman animal for in vivo 
administration to man. The anti-prion chimera antibody was 
not known until now, has been produced by the present 
inventors for the first time, and is of course included in 
the present invention. A typical chimera antibody includes 
a heavy chain and/or a light chain variable region 
(including CDR and FR) of the immunoglobulin of one type of 
animal, typically mouse, fused with the constant region of 
another animal, typically man, and in the present invention 
those formed by fusing the variable region of an anti-prion 
antibody produced by one described in the above-mentioned 
publications, hybridoma clone 72-5, 44B1, etc. with the 
constant region of a human antibody, etc. can be cited as 
examples . 
[0046] 

One embodiment of the anti-prion chimera antibody of 
the present invention includes one that is coded for by 
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an antibody heavy chain gene selected from the group 
consisting of 

(la) a nucleic acid that contains a sequence selected from 
the group consisting of SEQ ID NOS: 30, 32, and 34, 
(lb) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 
(la) above, 

(lc) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (la) or (lb) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 
(Id) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (la) to (lc) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, and 

an antibody light chain gene selected from the group 
consisting of 

(2a) a nucleic acid containing a sequence selected from the 
group consisting of SEQ ID NOS: 31, 33, and 35, 

(2b) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 

(2a) above, 

(2c) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (2a) or (2b) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 
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(2d) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (2a) to (2c) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for. 

The primatized and humanized antibody typically 
includes a heavy chain and/or light chain CDR from a mouse 
antibody grafted onto a primate or human antibody variable 
region framework, and normally further includes a human 
constant region. 
[0047] 

Furthermore, it is also possible to obtain an 
antibody useful in the present invention by freshly 
producing an anti-prion antibody or a fragment thereof and 
screening it with respect to PrP Sc growth inhibitory 
activity. Although prion protein has very weak 

antigenicity and it has been difficult to prepare an 
antibody by a standard immunization method, due to the 
development by Bueler et al . of a prion gene knockout mouse 
(Prnp-/- mouse) (Bueler H et al . 1992. Nature 356(6370): 
577-82) it has become possible to prepare an anti-prion 
antibody by immunization of the mouse with an antigen 
containing a prion protein or an epitope thereof in 
accordance with a standard method. In the present 

invention, it should be noted that an anti-prion antibody 
prepared by a method other than one employing the Prnp-/- 
mouse is not excluded. Examples of the antigen include a 
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homogenate of PrP Sc infected tissue, a purified product 
thereof, or a modified product thereof, a synthetic peptide 
containing an amino acid sequence of part of the prion 
protein, and a recombinant prion protein, but are not 
limited thereby. 
[0048] 

Cloning of an anti-prion antibody gene may be carried 
out by any technique that is well known in the art. For 
example, a desired antibody gene may be obtained by 
constructing a cDNA library based on RNA of an anti-prion 
antibody-producing cell and using a antibody-specific 
primer. More specifically, a polynucleotide containing a 
nucleic acid sequence of an unknown variable region may be 
obtained by, for example, preparing an antibody constant 
region-specific primer and employing a known technique such 
as a RACE (Rapid Amplification of cDNA End) method, but the 
anti-prion antibody gene of the present invention is not 
limited to one obtained by such a method. The 
polynucleotide thus obtained may be digested by a 
predetermined restriction enzyme and cloned to any known 
vector . 
[0049] 

Examples of the anti-prion antibody gene that can be 
used in the present invention include one comprising an 
antibody heavy chain gene and an antibody light chain gene, 
in which the antibody heavy chain gene is selected from the 
group consisting of 
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(la) a nucleic acid that contains a sequence selected from 
the group consisting of SEQ ID NOS : 1, 3, 5, 30, 32, and 34, 
(lb) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 
(la) above, 

(lc) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (la) or (lb) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 

(Id) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
of any one of (la) to (lc) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, and 

the antibody light chain gene is selected from the 
group consisting of 

(2a) a nucleic acid containing a sequence selected from the 
group consisting of SEQ ID NOS: 2, 4, 6, 31, 33, and 35, 

(2b) a nucleic acid that, by genetic code degeneration, 
codes for the same polypeptide as does the nucleic acid of 

(2a) above, 

(2c) a nucleic acid that has a variation in the sequence of 
the nucleic acid of (2a) or (2b) above but that still codes 
for a polypeptide that has the same function as the 
polypeptide that said nucleic acid codes for, and 

(2d) a nucleic acid that hybridizes under stringent 
conditions with a complementary strand of the nucleic acid 
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of any one of (2a) to (2c) above or a fragment thereof, and 
that codes for a polypeptide that has the same function as 
the polypeptide that said nucleic acid codes for, 

the antibody obtained by expression of the antibody 
heavy chain gene and the antibody light chain gene having 
PrP Sc growth inhibitory activity. 

Among these genes, those having a higher PrP Sc growth 
inhibitory activity when expressed are preferable in the 
present invention . 
[0050] 

The term 'stringent conditions 1 used in the present 
specification refers to parameters that are well known in 
the art. Parameters for the hybridization of a nucleic 
acid are described in standard protocols such as, for 
example, Sambrook et al . , Molecular Cloning: A Laboratory 
Manual, 3d ed., Cold Spring Harbor Press (2001), or Ausubel 
et al., Current Protocols in Molecular Biology, Greene 
Publishing Associates (1992) . 
[0051] 

Specifically, the stringent conditions used in the 
present specification mean hybridization at 65°C by means 
of a hybridization buffer containing 3.5* SSC, Ficol 0.02%, 
polyvinylpyrrolidone 0.02%, bovine serum albumin 0.02%, 
NaH 2 P0 4 25 mM (pH7), SDS 0.05%, and EDTA 2 mM. Among the 
above-mentioned components, SSC is 0.15 M sodium chloride 
/0.15 M sodium citrate at pH 7, SDS is sodium 
dodecylsulf ate, and EDTA is ethylenediaminetetraacetic acid. 



41 



After the hybridization, a membrane to which DNA is 
transferred is washed with 2* SSC at room temperature, then 
with 0.1 to 0.5* SSC/O.lx SDS at a temperature up to 68°C. 
Alternatively, the stringent hybridization may employ 
hybridization and washing conditions described by a 
manufacturer using a commercial hybridization buffer such 
as an ExpressHyb (registered trademark) buffer solution 
(manufactured by Clontech Corp.) . 
[0052] 

There are other conditions, reagents, etc. that can 
be used and give the same degree of stringency, but since 
it can be expected that a person skilled in the art knows 
such conditions very well, there is no particular 
description thereof in the present specification. However, 
it is possible to manipulate the conditions so that a 
homologue or an allelic gene of a nucleic acid that codes 
for the mutant of the present invention can be clearly 
identified. 
[0053] 

When introducing a gene that imparts PrP Sc growth 
inhibitory activity to mesenchymal cells, various known 
methods may be used. For example, the gene can be 
introduced into mesenchymal cells by a method in which the 
gene is integrated into a virus vector, and this vector is 
introduced into the mesenchymal cells by infection, a 
calcium phosphate transfection method (Berman et al . 1984. 
Proc. Natl. Acad. Sci. USA 81: 7176), or many well-known 
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techniques involving direct delivery of a gene employing 
DEAE-dextran transf ection, protoplast fusion (Deans et al . 
1984. Proc. Natl. Acad. Sci . USA 81: 1292), electroporation, 
liposome fusion, transfection by means of polybrene, and 
laser microporation of a cell membrane. Moreover, a person 
skilled in the art may apply to the present invention any 
technique other than the above-mentioned techniques that 
enables the gene to be integrated into the genome of a cell 
and to be appropriately introduced into the cell so that 
the gene can be expressed. 
[0054] 

When used in the present specification, the 'vector' 
means any nucleic acid that is capable of introducing a 
desired nucleic acid molecule by digestion or ligation in 
order to transfer between different genetic environments or 
in order to carry out expression in a host cell. The 
vector is typically constituted from DNA, but an RNA vector 
may also be used. The vector includes a plasmid, a 
phagemid, and a virus genome, but should not be limited 
thereto. A cloning vector can replicate in a host cell 
autonomously or after integration into a genome and is 
further characterized by one or more endonuclease 
restriction sites, the vector is cleaved in a decidable 
manner at these sites, a desired nucleic acid sequence can 
be linked thereto, and a novel recombinant vector can 
thereby replicate a target nucleic acid molecule in a host. 
In the case of a plasmid, by increasing the plasmid copy 
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number in the host bacterium, a desired nucleic acid 
molecule may be replicated any number of times, or 
replication may be carried out only once per host before 
the host is regenerated by cell division. In the case of a 
phage, replication may occur actively between lytic phases, 
or may occur passively between lysogenic phases. 
[0055] 

With regard to an expression vector, a desired 
nucleic acid sequence is inserted thereinto by digestion 
and ligation, operably linked to a regulatory sequence, and 
expressed as a transcript. 

The gene used in the present invention may be 
constituted from one or more genes, and when it is 
constituted from two or more genes, these genes may be 
inserted into a single expression vector or may be inserted 
separately into two or more vectors. 

The expression vector may further contain one or more 
marker sequences that are suitable for identifying a cell 
that is or is not transformed or transfected by the vector. 
The marker contains, for example, a gene that codes for a 
protein that increases or decreases either the resistance 
or the sensitivity toward an antibiotic or another compound, 
a gene that codes for an enzyme (e.g. p-galactosidase, 
luciferase, or alkaline phosphatase) whose activity is 
detectable by a standard analytical method in the art, and 
a gene that visually affects the phenotype of a transformed 
or transfected cell, a host, a colony, or a plaque. A 
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preferred expression vector is a vector that enables 
autonomous replication and expression of a structural gene 
product present in a DNA segment to which the vector is 
operably linked. 
[0056] 

In the present specification, the code sequence and 
the regulatory sequence are said to be 1 operably 1 linked 
when they are linked in a manner in which expression or 
transcription of the code sequence is under the influence 
or control of the regulatory sequence. If it is desired 
that the code sequence is translated into a functional 
protein, the two DNA sequences are said to be 'operably' 
linked if, as a result of induction by a promoter in a 5' 
regulatory sequence, transcription of the code sequence 
occurs, or if linkage properties between the two DNA 
sequences (1) do not result in induction of frameshift 
mutation, (2) do not interfere in the ability of the 
promoter for instructing transcription of the code sequence, 
or (3) do not interfere in the ability of a corresponding 
RNA transcript to be translated into a protein. Therefore, 
the promoter region is operably linked to the code sequence 
if the promoter region can transcribe the DNA sequence so 
that the resulting transcript is translated into a desired 
protein or polypeptide. 
[0057] 

A useful vector in the present invention contains a 
nucleic acid molecule that codes for an antibody of the 
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present invention that functionally binds to an appropriate 
transcriptional or translational regulatory sequence that 
is derived from a gene of, for example, a mammal, a microbe, 
a virus, or an insect as desired. Such a regulatory 
sequence includes a sequence having a regulatory role in 
gene expression such as, for example, a transcription 
promoter or enhancer, an operator sequence for regulating 
transcription, a sequence that codes for a ribosome-binding 
site within a messenger RNA, and an appropriate sequence 
that regulates transcription, translation initiation, or 
transcription termination . 
[0058] 

Detailed properties of the regulatory sequence 
necessary for gene expression may be different depending on 
the species of organism or species of cell, but it can 
generally contain at least 5 T nontranscribed and 5' 
untranslated sequences involved in initiation of 
transcription and translation, such as a TATA box, a 
capping sequence, and a CAAT sequence. In particular, such 
a 5' nontranscribed regulatory sequence can contain a 
promoter region that contains a promoter sequence for 
regulating the transcription of an operably linked gene. 
The regulatory sequence also contains an enhancer sequence 
or a desired upstream activator sequence. The vector of 
the present invention may optionally contain a 5 f leader or 
signal sequence. Selection and design of an appropriate 
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vector are within the ability and freedom of a person 

skilled in the art. 

[0059] 

A particularly useful regulatory sequence contains a 
promoter region derived from a gene of various mammals, 
viruses, microbes, and insects. . This promoter region 
commands initiation of the transcription of a target gene, 
thus resulting in transcription of the whole DNA containing 
the anti-prion antibody gene. A useful promoter region 
includes a CAG promoter, a retroviral dLTR promoter, a 
cytomegalovirus (CMV) enhancer / promoter region, an RSV 
LTR promoter, a lac promoter, and a promoter separated from 
an adenovirus, but any other promoters known to a person 
skilled in the art that are useful for gene expression in a 
eucaryote, a procaryote, a virus, or a microbial cell may 
be used. 
[0060] 

Other particularly useful promoters for expressing a 
gene or a protein within a eucaryote cell include mammalian 
cell promoter and enhancer sequences such as, for example, 
those induced from polyomavirus, adenovirus, SV40 virus, 
and human cytomegalovirus. Typically, virus early and late 
promoters, which are found adjacent to the virus 
replication origin of a virus such as SV40, are 
particularly useful. Selection of a specific useful 
promoter depends on various other parameters pertaining to 
the cell line and the nucleic acid construct used for 
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expressing the antibody of the present invention within a 
specific cell line. Furthermore, any promoter that is 
known to express a gene in a target cell at a sufficiently 
high level to be useful in the present invention may be 
selected. 
[0061] 

The above-mentioned expression vector may further 
contain, as desired, various regulatory sequences that 
include a nucleic acid sequence that codes for various 
signal peptides that may functionally bind to a gene that 
imparts PrP Sc growth inhibitory activity and a ribosome 
binding site that enables efficient translation into a 
protein of mRNA generated from the expression vector. The 
signal peptide, if present, is expressed as a precursor 
amino acid that enables the extracellular secretion of a 
translated polypeptide to be improved. 

The nucleic acid construct of the present invention 
therefore includes various forms of the nucleic acid 
molecule of the present invention that operably binds to 
either of the promoter sequence or the promoter and 
enhancer sequence, and that further functionally binds to a 
polyadenylation sequence that commands termination and 
polyadenylation of mRNA. The nucleic acid construct of the 
present invention can contain another gene sequence that 
enables efficient replication and expression of the 
construct within a desired cell . Such a sequence can 
include an intron derived from a viral gene, etc. 
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[0062] 

Examples of the virus vector that can be suitably 
used for introduction of a gene into mesenchymal cells in 
the present invention include a modified adenovirus 
described in JP, A, 2002-330789. The adenovirus has a 
modified fiber protein obtained by joining a molecule 
having specificity for a specific type of cell and/or 
tissue to a fiber protein that has substantially no ability 
to bind to a CAR (Coxsackie adenovirus receptor), which is 
a main receptor for a wild-type adenovirus, and/or a 
modified fiber protein obtained by modifying, so as to have 
specificity for a specific type of cell and/or tissue, a 
fiber protein that has substantially no ability to bind to 
a CAR, and in the present invention it is particularly 
preferable to employ one having a modified fiber protein 
obtained by joining a molecule containing an RGD (Arg-Gly- 
Asp) motif to a fiber protein that has substantially no 
ability to bind to a CAR. 
[0063] 

Such a modified adenovirus vector may be produced by 
a well-known molecular biological technique in the art such 
as, for example, a method that uses a genome - terminal 
protein complex (hereinafter, abbreviated to DNA-TPC) , 
which keeps a terminal protein covalently bonded to 
opposite ends of the virus genome (ref. Yoshida et al . 1998 
Hum Gene Ther 9: 2503-2515, etc.). Such a method is well 
known to a person skilled in the art. Typically, while 
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producing a cosmid in which a target gene is inserted into 
a cosmid cassette such as pAxCw or pAxCAwt, DNA-TPC is 
produced from a virus and cleaved by an appropriate 
restriction enzyme. Subsequently, the above-mentioned 
cosmid and the DNA-TPC treated with the restriction enzyme 
are cotransf ected to an appropriate host cell such as, for 
example, a 293 cell. Following this, culturing is carried 
out under appropriate conditions for a predetermined period, 
and recombinant adenovirus particles released as virus 
particles into the culture liquid may be collected. 
[0064] 

It is possible to introduce into the mesenchymal 
cells used in the present invention, in addition to the 
above, any gene that has an effect in enhancing the 
therapeutic effect on a prion disease such as, for example, 
a gene that promotes cell growth or differentiation into 
neurons, a gene that increases cell survival rate, a gene 
that increases the lifespan of a cell (e.g. a telomerase 
gene: see WO 03/038075), a gene that regulates the cell 
cycle, a gene that improves the migratory capacity of a 
cell, a gene that has neuroprotective action, or a gene 
that has an apoptosis inhibiting effect. 

The above-mentioned modification carried out with 
respect to mesenchymal cells may be carried out for any 
other types of cells as appropriate, and modified cells 
thus produced may be used for inhibiting the growth of an 
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abnormal prion. Such modified cells are included in the 
present invention . 
[0065] 

The remedy for a prion disease of the present 
invention may be administered as an agent (composition) to 
which various substances having an effect in enhancing the 
therapeutic effect on a prion disease are added. As 
examples of such substances, for example, those having 
PrP Sc growth inhibitory activity can be cited. Examples of 
PrP Sc growth inhibitor substances include compounds like 
amphotericin B, Congo red, anthracycline, cysteine protease 
inhibitors (Doh-Ura K et al . supra) such as quinacrine, 
tilorone, chloroquine, and E-64d, phenothiazine derivatives 

(Korth C et al. supra) such as promazine, chloropromazine, 
and acepromazine, tetrapyrroles (Caughey WS et al . supra) 
such as porphyrin and phthalocyanine, pentosan polysulfate, 
reactive dyes such as reactive green and reactive red, and 
quinines (JP, A, 2003-40778) such as quinine, 8- 
hydroxyquinoline-2-carboxaldehyde 8-quinolylhydrazone, 2- 
pyridinecarboxaldehyde 2-quinolylhydrazone, and 2, 2 T - 
biquinoline, gene constructs that code for the PrP° 
dominant negative mutant (Non-patent Publication 1), and 
substances that bind to PrP c and/or PrP Sc , but are not 
limited thereto. 

[0066] 

Examples of substances that bind to PrP c and/or PrP Sc 
include an anti-prion antibody or a fragment thereof (e.g. 



51 



Non-patent Publication 2, Non-patent Publication 3, JP, A, 
2003-144148, JP, A, 2003-321498, Enari M et al . supra, 
Peretz D et al. supra, Gilch S et al, supra), a cadherin 
such as protocadherin 43 or OB-cadherin-1 (JP, A, 2000- 
51213), and a plasminogen, a plasminogen fragment, and a 
derivative thereof (JP, A, 2004-501626), and among them 
those having PrP Sc growth inhibitory activity are 
preferable . 
[0067] 

Furthermore, it can be determined whether or not a 
given substance has PrP Sc growth inhibitory activity by a 
well known method described in JP, A, 2003-149237, etc., 
and any PrP Sc growth inhibitor identified by such a method 
(e.g. chlorophyll a, chlorophyll b, copper chlorophyll, 
sodium copper chlorophyllin, sodium iron chlorophyllin) may 
be used in the agent of the present invention. 

Examples of substances that have an effect in 
enhancing the therapeutic effect on a prion disease include, 
in addition to the above, a substance that promotes cell 
growth or differentiation into neurons, a substance that 
increases cell survival rate, a substance that increases 
the lifespan of a cell, a substance that regulates the cell 
cycle, a substance that improves the migratory capacity of 
a cell, a substance that has a neuroprotective action, and 
a substance that has an apoptosis-inhibiting effect. 
[0068] 
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When producing the remedy of the present invention, 
the mesenchymal cells (including modified ones) produced as 
above may be used as they are, but after the cells are 
produced and, as necessary, grown, they may be 
cryopreserved, and thawed and used for production of the 
remedy as required* 

The prion remedy of the present invention may be made 
into a preparation by a method known to a person skilled in 
the art. For example, it may be used parenterally in an 
injectable form of an aseptic solution or a suspension 
liquid agent with water or another pharmaceutical^ 
acceptable liquid as necessary. For example, it can be 
expected that a preparation may be made by mixing a 
generally recognized and pharmaceutically required unit 
dose thereof with an appropriate combination of a 
pharmacologically acceptable carrier or medium, 
specifically, sterile water, a saline solution, a vegetable 
oil, an emulsifier, a suspending agent, a surfactant, a 
stabilizer, a diluent, a vehicle, an antiseptic, or a 
binder, etc. The amount of effective component in these 
preparations is adjusted so as to obtain an appropriate 
dosage in the prescribed range. Furthermore, an aseptic 
composition for injection may be formulated in accordance 
with a normal preparation method using a vehicle such as 
distilled water for injection. 
[0069] 



53 



Examples of an aqueous solution for injection include 
a saline solution, an isotonic solution containing glucose 
or another adjuvant, such as, for example, D-sorbitol, D- 
mannose, D-mannitol, or sodium chloride, and an appropriate 
dissolution adjuvant such as, for example, an alcohol, 
specifically ethanol, a polyalcohol, specifically, 
propylene glycol or polyethylene glycol, a nonionic 
surfactant such as, for example, polysorbate 80, HCO-50, 
etc. may be used in combination. 

Examples of oily liquids include sesame oil and soya 
oil, and as a dissolution adjuvant benzyl benzoate, benzyl 
alcohol, etc. may be used in combination. Furthermore, a 
buffer such as a phosphate buffer or a sodium acetate 
buffer, a soothing agent such as procaine hydrochloride, a 
stabilizer such as benzyl alcohol or phenol, an antioxidant, 
etc. may be added. The injection solution thus prepared is 
usually charged into an appropriate container such as an 
ampoule, a vial, a tube, a bottle, or a pack. 
[0070] 

Administration into a subject's body may employ any 
route, but parenteral administration is preferable, and 
local administration or intravenous administration is 
particularly preferable. The number of doses administered 
is preferably one, but a plurality of doses may be 
administered according to the circumstances. Furthermore, 
the administration time may be a short period of time or it 
may be continuous administration over a long period of time. 
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More specifically, the remedy of the present invention may 
be administered by injection or percutaneously . Examples 
of the administration by injection include intravenous 
injection, intraarterial injection, selective intraarterial 
injection, intramuscular injection, intraperitoneal 
injection, subcutaneous injection, intraventricular 
injection, intracerebral injection, and injection into 
cerebrospinal fluid space, but are not limited thereto. 

In the case of intravenous injection, administration 
is possible by a normal procedure for blood transfusion, 
there is no need for surgery on the subject, there is no 
need for local anesthesia, and it is therefore possible to 
alleviate the burden on both the subject and a technician. 
Moreover, it is advantageous since administration is 
possible outside an operating theater. 

The anti-prion chimera antibody and the vector of the 
present invention may be formulated and administered by the 
same methods as above. 
[0071] 

Furthermore, the present invention relates to a 
method of treating a prion disease, the method comprising 
administering to a subject a therapeutically effective 
amount of the remedy, the vector, the anti-prion chimera 
antibody, and/or a sustained-release preparation, which 
will be described in detail later, of the present invention. 

Mesenchymal cells such as bone-marrow cells, 
umbilical cord blood cells, or peripheral blood cells 
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contained in the agent used for the above-mentioned 
treatment method are preferably, unless a special operation 
such as immunosuppression is carried out, those harvested 
from the subject's own body or those derived from the above 

(subject-derived autologous cells) (auto transplantation 
therapy) in order to prevent the possibility of a rejection 
reaction due to administration. Such an embodiment is 
preferable since the combined use of an immunosuppressant 
can be avoided. Although it is possible to use allogeneic 
cells by carrying out an immunosuppressive treatment, 
overwhelmingly better therapeutic effects can be expected 
by the use of autologous cells. 

[0072] 

When it is difficult to use autologous cells, it is 
possible to use cells derived from another subject or 
another animal for medical use. Cryopreserved cells may be 
used. 

The above-mentioned autologous cells may be any of 
those harvested from the body of the subject in an 
undifferentiated state, those formed by subjecting 
mesenchymal stem cells harvested from the body of the 
subject in an undifferentiated state to genetic engineering, 
and those formed by carrying out differentiation-induction 
on mesenchymal stem cells harvested from the body of the 
subject in an undifferentiated state. 

Furthermore, in the treatment method of the present 
invention, administration of the agent of the present 
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invention (containing mesenchymal cells, for example, bone- 
marrow cells) to a subject may be carried out desirably by, 
for example, the above-mentioned method. Moreover, a 
physician or a veterinarian may alter the above-mentioned 
method as appropriate for administering the agent of. the 
present invention to a subject. 

Furthermore, the subject of the above-mentioned 
treatment method of the present invention is not 
necessarily limited to man. Normally, the method of the 
present invention may be carried out in the same manner 
using mesenchymal cells in a mammal other than man (e.g. a 
rodent such as a mouse, a rat, a sand rat, or a guinea pig, 
an animal of the feline family such as a cat, a puma, or a 
tiger, a cervid such as a deer or an elk, a mink, a sheep, 
a goat, a cow, a monkey, etc.). 
[0073] 

Another aspect of the present invention relates to a 
method of treating a prion disease, the method comprising 
sustainedly releasing a therapeutically effective amount of 
an anti-prion antibody, and a sustained-release preparation 
used in such a treatment method. 

Sustained release may be achieved by the use of any 
sustained-release preparation, and is typically carried out 
in the body of a subject, but is not limited thereto, and 
it may be carried out via a sustained-release preparation 
or sustained-release device placed outside the body or on 
the surface of the body. Examples of the sustained-release 
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preparation include an osmotic pump and a molding such as, 
for example, a semipermeable polymer matrix in the form of 
a film or microcapsules. As the osmotic pump, for example, 
an Alzet (registered trademark) osmotic pump manufactured 
by DURECT, etc. may be suitably used. Since this pump can 
release a solution contained therewithin in a predetermined 
flow pattern, by charging a pump having desired release 
characteristics with a solution of an ant i -prion antibody 
in a physiologically acceptable solvent such as saline 
solution or PBS and placing this within the body, sustained 
release of the antibody can easily be achieved. Examples 
of a sustained- release matrix include poly 1 act ide (US Pat . 
No. 3, 773, 919 and EP Pat. No. 58481), a copolymer of L- 
glutamic acid and y-ethyl-L-glutamate (Sidman, U. et al., 
Biopolymers 22: 547-556 (1983) ) , poly ( 2-hydroxyethyl 
methacrylate) (R. Langer et al . , J. Biomed. Mater. Res. 15: 
167-277 (1981), and R. Langer, Chem. Tech. 12: 98-105 
(1982) ) , ethylene vinylacetate (R. Langer et al . supra) , 
and poly-D- (-) -3-hydroxybutyric acid (JP, A, 60-54326). 
The sustained-release preparation also includes a liposome- 
ent rapped polypeptide . Liposome containing an ant i -prion 
antibody is produced by a known method (ref. e.g. Epstein 
et al. 1985. Proc Natl Acad Sci USA 82: 3688-3692, Hwang et 
al. 1980. Proc Natl Acad Sci USA 77: 4030-4034, etc.). The 
liposome is normally of a small (about 200 to 800 A) single 
layer type, the lipid content thereof is higher than about 
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30 mol% cholesterol, and the selectivity ratio is adjusted 

according to an optimum antibody treatment. 

[0074] 

The sustained-release preparation of the present 
invention may contain cells that secrete an anti-prion 
antibody. Examples of such cells include not only an anti- 
prion antibody-producing hybridoma such as clone 44B1 or 
72-5 but also any cells into which an anti-prion antibody 
gene is introduced. Since the sustained-release 

preparation containing such cells can release an antibody 
as long as the cells survive, it becomes possible to 
advantageously decrease the frequency of introduction of 
the preparation, which may involve an invasive method. 
Among such cells, it is preferable to use self-derived 
cells, which have little effect on the living body, and it 
is also preferable to use cells for which the growth or the 
life and death thereof can be controlled. In the 

sustained-release preparation of the present invention, 
mesenchymal cells into which an anti-prion antibody gene 
has been introduced are particularly preferable, and 
mesenchymal stem cells are more preferable, and since by 
administering such cells not only can the anti-prion 
antibody be sustainedly released, but also the cells 
reconstruct damaged nerve tissue, a synergistic effect can 
be expected. The above-mentioned cells may contain any 
gene that has an effect in enhancing the therapeutic effect 
on a prion disease such as, for example, a gene that 
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promotes cell growth or differentiation into neurons, a 
gene that increases cell survival rate, a gene that 
increases the lifespan of a cell (e.g. a telomerase gene), 
a gene that regulates the cell cycle, a gene that improves 
the migratory capacity of a cell, a gene that has 
neuroprotective action, or a gene that has an apoptosis 
inhibiting effect . 

The above-mentioned preparation containing anti-prion 
antibody-secreting cells may be provided as a suspension 
containing the cells in a physiologically acceptable 
solvent such as saline solution, PBS, or various cell 
culture media, or a capsule agent containing the suspension 
in a biodegradable capsule. Furthermore, the above- 

mentioned cells may be cryopreserved and used by thawing as 
necessary. Other examples of making a preparation are as 
already described for the remedy of the present invention, 
and they are well known to a person skilled in the art. 
[0075] 

The sustained-release preparation of the present 
invention may be introduced into any part of the body such 
as, for example, subcutaneous tissue, muscle, abdominal 
cavity, brain, cerebral ventricle, cerebrospinal fluid 
space, artery, vein, etc. by a standard method. The 
release period is not particularly limited as long as the 
progress of a prion disease is delayed or the clinical 
state is improved, and good therapeutic effects can be 
obtained by a period of, for example, 10 to 50 days. The 
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amount released is not particularly limited as long as the 
progress of a prion disease is delayed or the clinical 
state is improved, but it is typically 0.01 to 100 
mg/kg/day, preferably 0.1 to 10 mg/kg/day, and more 
preferably 0.5 to 5 mg/kg/day. When a preparation 

containing anti-prion antibody-secreting cells is used, 
although it depends on the ability of the cells to produce 
antibody, the dosage is typically 1 * 10 A to 1 * 10 7 
cells/kg (local administration) or 1 * 10 6 to 1 * 10 9 
cells/kg (intravenous administration), preferably 1 * 10 5 
to 1 x 10 6 cells/kg (local administration) or 1 x 10 7 to 1 
x 10 8 cells/kg (intravenous administration), and more 
preferably 5 x 10 5 to 1 x 10 6 cells/kg (local 
administration) or 5 x 10 7 to 1 x 10 8 cells/kg (intravenous 
administration). Such a dosage can be adjusted as 

appropriate according to various conditions of the 
treatment such as, for example, the severity of the disease, 
the general health state of the subject, age, weight, sex, 
diet, administration route of the preparation, 
administration timing and administration frequency, whether 
or not there is concomitant use of a medicine, sensitivity 
toward a reaction, and tolerance and response to the 
treatment . 
[0076] 

The remedial method of this aspect of the present 
invention includes introducing an anti-prion antibody gene 
into cells of a subject. Since cells into which an anti- 
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prion antibody gene has been introduced sustainedly release 
the anti-prion antibody, they can act as the sustained- 
release preparation of the present invention. A method of 
introducing a nucleic acid molecule into desired cells of a 
subject is well known, and this includes the use of a 
vector and injection of various nucleic acid constructs 
into a subject. The cells into which it is introduced are 
not particularly limited as long as an effect in improving 
a prion disease can be obtained, and typical examples 
thereof include cells present in the brain of a subject. 

Large numbers of various types of vectors that can 
appropriately deliver a gene and express a desired nucleic 
acid molecule have been developed, and are described in 
publications such as, for example, Current Comm. Mol. Biol., 
Cold Springs Harbor Laboratory, New York (1987) . As 
vectors containing an anti-prion antibody gene, in addition 
to those described in the publication, the above-mentioned 
various types may suitably be used. When a vector is used, 
typically, a therapeutically effective amount of the vector 
containing the nucleic acid molecule of the present 
invention is introduced into a circulation system or 
locally into a subject so that the vector can specifically 
infect desired cells. In another preferred embodiment, the 
vector is directly injected into the brain of a subject. 
The dosage of the vector is not particularly limited as 
long as the prion disease is improved and, for example, the 
adenovirus vector of the present invention may be 
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administered at 10 3 to 10 15 viral particles per adult. Such 
a dosage can be adjusted as appropriate according to 
various conditions of the treatment such as, for example, 
the severity of the disease, the general health state of 
the subject, age, weight, sex, diet, administration route 
of the preparation, administration timing and 
administration frequency, whether or not there is 
concomitant use of a medicine, sensitivity toward a 
reaction, and tolerance and response to the treatment. 

The present invention further aims to directly inject 
into a subject a nucleic acid construct having a promoter, 
an anti-prion antibody gene, and its subsequent 
polyadenylation sequence. A useful example of such a 
method is described in Vile et al. 1994. Ann Oncol 5 Suppl 
4: 59. Such a nucleic acid construct may be injected into 
the muscle or another part of a subject or directly into 
the brain of a subject. 
[0077] 

In accordance with another aspect of the present 
invention, there is provided the use of mesenchymal cells 
in the production of an agent for delivering a substance to 
a lesion site of a prion disease, and an agent that 
contains mesenchymal cells and delivers a substance to a 
lesion site of a prion disease. The substance referred to 
here is not particularly limited as long as it can be 
inserted into mesenchymal cells or attached to the surface 
of a cell, and examples thereof include a substance that 
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has an effect in enhancing the therapeutic effect on a 
prion disease such as a substance that inhibits the growth 
of an abnormal prion, a substance that promotes cell growth 
or differentiation into neurons, a substance that increases 
cell survival rate, a substance that increases the lifespan 
of a cell, a substance that regulates the cell cycle, a 
substance that improves the cell migratory capacity, a 
substance that has a neuroprotective action, and a 
substance that has an apoptosis inhibiting effect and, 
furthermore, a pigment, an enzyme, a labeled substance such 
as a fluorescent substance or a radioactive isotope, and a 
vector for introducing any gene into surrounding cells. 
Among such substances, those useful for research, diagnosis, 
treatment, etc. of a prion disease are preferable. 

The above-mentioned delivery agent may be produced by 
the same method as the above-mentioned method for the 
remedy of the present invention, and administered to a 
subj ect . 

EXAMPLES 
[0078] 

The present invention is explained in detail by 

reference to Examples below, but the scope of the present 

invention is not limited by these Examples. 

Example 1: Production of anti-PrP monoclonal antibody- 
producing hybridoma 
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A prion protein knockout mouse (Prnp-/- mouse) was 
immunized with, as an antigen, purified recombinant PrP 

(rPrP) or purified abnormal prion protein (PrP Sc ) from the 
brain of a scrapie Obihiro strain-infected mouse, spleen 
cells thus obtained and a myeloma cell line (P3U1) were 
fused to give a hybridoma, and this was screened with 
respect to its ability to bind to PrP (ref. Kim et al . 2004. 
Virology 320: 40-51) . 

[0079] 

(1) Antigen preparation 

E. Coli was made to express a recombinant 
polypeptide (rPrP) corresponding to positions 23 to 231 of 
mouse PrP using E. Coli expression vector pRSETB 

(manufactured by Invitrogen) . Since the rPrP was expressed 
in an inclusion body, this was solubilized by 8 M guanidine 
hydrochloride and purified with Ni2+-IMAC. The purified 
product was subjected to reverse-phase HPLC with respect to 
one having an SS bond within the molecule to give further 
purified rPrP as an antigen (ref. Kim et al . supra). 

[0080] 

(2) Immunization of mouse 

As a subject animal, a 10 to 12 week old Prnp-7- 
mouse (Yokoyama et al. 2001. J Biol Chem 276: 11265-11271) 
was used. The mouse was subcutaneously inoculated with 200 
pg of the above-mentioned antigen together with Freund's 
Complete Adjuvant. Following this, subcutaneous 

inoculation with 100 pg of the above-mentioned antigen 
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together with Freund's Incomplete Adjuvant was carried out 
every two weeks, A final immunization was carried out by 
injecting 50 \ig of the above-mentioned antigen via a tail 
vein . 
[0081] 

(3) Cell fusion and selection of hybridoma 

On the 42nd day after the first immunization, the 
spleen was extracted from the immunized mouse under deep 
anesthesia, and a single cell suspension was prepared. The 
cells thus obtained were fused with P3U1 cells using 
polyethylene glycol 1500. The culture supernatant of the 
hybridoma thus obtained was screened by ELISA using rPrP 
and purified PrP Sc as antigens. A hybridoma that produced 
an antibody that reacted with rPrP or purified PrP Sc was 
cloned by a limiting dilution method. 

[0082] 

Example 2: PrP Sc growth inhibitory activity of anti-PrP 
monoclonal antibody 

Among antibodies obtained in Example 1, one having 
PrP Sc growth inhibitory activity was selected. 13/15 cells 
with a persistent prion infection (Race et al . 1987 J Gen 
Virol 68: 1391-9) were cultured in a medium containing a 
concentration of 0.1 to 10 pg/mL of anti-PrP monoclonal 
antibody for 3 days. After the medium was removed, the 
cells were washed with PBS, dissolved in a buffer solution 
containing 0.5% Triton-XlOO and 0.5% sodium deoxycholate, 
and digested with 20 ^g/mL of protein kinase K at 37°C for 
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20 minutes. After the activity of the protein kinase K was 
terminated by adding 2 mM of Pefablock, PrP Sc was collected 
by centrifugation at 100, 000x g for 2 hours. PrP Sc was 
detected by the Western blot method. 
[0083] 

Among Examples below, three types of hybridomas, that 
is, 43C5 (IgGl), which did not show PrP Sc growth inhibitory 
activity, and 72-5 (IgGl, Depository No.: FERM P-18516) and 
44B1 (IgG 2a / Depository No.: FERM P-18515) , which showed 
Prp sc growt h inhibitory activity, were used. 
[0084] 

Example 3: Identification of anti-prion antibody gene 

(1) Cloning of antibody gene 

Total RNA was prepared from the hybridoma selected in 
Example 2 in accordance with a standard method, and 
antibody genes (heavy chain, light chain) were cloned by a 
5' -RACE (Rapid Amplification of cDNA End) method and an RT- 
PCR method respectively. The 5 '-RACE method was carried 
out using a SMART (registered trademark) RACE cDNA 
Amplification Kit (manufactured by CLONTECH) . The primers 
shown below were prepared for cloning antibody genes. FIG. 
1 shows the correlation between antibody genes and primers. 

[0085] 

[Table 1] 
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Table 1 List of primers used for cloning of anti-PrP 
antibody genes 

1936 (SEQ ID NO: 9 ) : 35mer 5'- TCACTCGAGGGTGGGAAGATGGATACAGTTGGTGCA 

1937 (SEQ ID NO:l 0 ) : 32mer 5'- ACCCTCGAGTGAGCAGTTAACATCTGGAGGTG -3' 

1938 (SEQ ID NO:l 1 ) : 36mer 5'- CGCGGATCCTTAACACTCATTCCTGTTGAAGCTCTT - 

1940 (SEQ ID NOl 2 ) : 23mer 5'- CTTG AC C AGG C ATCCC AG GGTCA -3' 

1941 (SEQ ID NO:l 3 ) : 26mer 5'- CCTGGATCTGCTGCCCAAACTAACT -3" 

1942 (SEQ ID NO:l 4 ) : 26mer 5'- CGGAAAGTGCTGTTGAACTGCTCCT -3' 

1943 (SEQ ID NO: 1 5) : 24mer 5'- AGGTGCACAC AGCTCAGACGCAAC -3' 

1944 (SEQ ID NO:l 6 ) : 33mer 5'- CCGAGATCTCATTTACCAGGAGAGTGGGAGAGG -3' 
1980 (SEQ ID NO:l 7 ) :26mer 5'- CGGAGATTTTGCATATTGCAGCAGT -3' 

1982 (SEQ ID NO :1 8) :28m er 5'- AATAGTCTACAAAATCTTCAGACTCAAG -3" 

1999 (SEQ IDNO:l 9) 23mer 5'- CAGTCTCACTTGTCGGGCAAGTC -3' 

2000 (SEQ ID NO:2 0 ) :26mer 5*- ATCTAAACTGGATGTGGCGTAGATCA -3' 

2001 (SEQ ID NO:2 1 ) :23mer 5'- GAGCCAGTGACCTTGACCTGGAA -3' 

2002 (SEQ ID NO:2 2 ) :23mer 5'- CACATTGCAGGTGATGGACTGGC -3' 

2003 (SEQ ID NO:2 3 ) :25mer 5'- AGTACACAGCTCAGACACAAACC -3' 

2004 (SEQ ID NO:2 4 ) :23mer 5'- CTCATCCAGTCCTGGTGCTGGAT -3' 

2006 (SEQ ID NO:2 5 ) :24mer 6'- CCGAGATCTCATTTACCCGGAGTC -3' 

2007 (SEQ ID NO: 2 6) :26mer 5'— ATTGTOATTGCAGTCAGG ACTCAGCA -3' 
2009 (SEQ ID NO:2 7 ) :24mcr 5'- ACTC AG CATGG AC ATG AGGGCTCC -3* 

[0086] 

RACE cDNA was prepared as follows. That is, 1 ug of 
total RNA of 43C5, 72-5, and 44B1, 1 uL of 5' -CDS primer, 
and 1 uL of SMART II A (registered trademark) 
oligonucleotide (SEQ ID NO: 7) were mixed with deionized 
water to make 5 uL, and the mixture was heated at 70°C for 
2 minutes, and rapidly cooled in ice for 2 minutes. 
Subsequently, 2 uL of 5x First-Strand buffer, 1 uL of DTT 
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(20 mM) , 1 yiL of dNTP mix (10 mM) , and 1 of PowerScript 

(registered trademark) reverse transcription enzyme were 
added thereto to make the total amount 10 \jlL, and the 
mixture was incubated at 42°C for 90 minutes. Subsequently, 
the mixture was heated at 72 °C for 7 minutes to give 5'- 
RACE cDNA. The 5 '-CDS primer shown in Table 2 below was 
used. 
[Table 2] 



[0087] 

A 5' -RACE of an antibody variable region was prepared 
in accordance with a Clontech manual using a master mix 

(Table 4) and a RACE reaction solution (Table 5) having the 
composition below. As a universal primer, a mixture formed 
from the following combination (UPM: Universal Primer A 
Mix) was used. 

[Table 3] 



Table 2 



r ~\ 




A 
G 

C 
T 



A 



69 



Table 3 

Long (0,4 mM)^ - CTAATACGACTCACTATAGGGCAAGCAGT6GTATCAAC6CAGAGT - 3 9 (SEQ ID NO: 8 ) 
Short (2 iiiM):^ - CTAATACGACTCACTATAGGGC - 3' 

[0088] 

As the 5'-RACE primer (GSP: Gene Specific Primer), 
1940 (43C5, 72-5 heavy chain), 2002 (44B1 heavy chain), and 
1936 (43C5, 44B1 light chain) were used. A reaction was 
carried out under conditions of 5 cycles of 94 °C 5 seconds 
and 72°C 3 minutes; 5 cycles of 94°C 5 seconds, 70°C 10 
seconds, and 72°C 3 minutes; and 25 cycles of 68°C 10 
seconds and 72 °C 3 minutes. 
[0089] 
[Table 4] 



Table 4 Composition of master mix 



PCR grade water 


30.5 uL 


lOx Advantage-HF 2 PCR buffer 


5 


lOx Advantage-HF 2 dNTP mix 


5 jjlL 


50x Advantage-HF 2 polymerase mix 


1 uL 


Total 


41.5 pL 



[0090] 
[Table 5] 

Table 5 Composition of 5 ' -RACE reaction mixture (units: pi) 





5 ' -RACE 


GAPDH 
(positive 
control) 


UPM alone 
{negative 
control ) 


GSP alone 
(negative 
control) 


5 ' -RACE c DNA 


2.5 


2.5 


2.5 


2.5 



70 



UPM (lOx) 


5.0 


5.0 


5.0 




GSP (10 uM) 


1.0 






1.0 


Control 5 ' -RACE GAPDH primer (10 
uM) 




1.0 






H 2 0 






1.0 


5 . 0 


Master mix 


41.5 


41.5 


41.5 


41.5 


Final volume 


50. 0 


50.0 


50.0 


50.0 



[0091] 

RT-PCR was carried out by a standard method. That is, 
a master mix was added to 2 pL of cDNA, 1 |iL of 10 yM 
primer, and 4.5 pL of H 2 0 to give 50 \il> of a reaction 
mixture, which was reacted under conditions of 94 °C 3 
minutes; 30 cycles of 94°C 3 seconds and 65°C 3 minutes; 
65°C 3 minutes. The cDNA used was that prepared for the 
above-mentioned 5 1 RACE . As RT-PCR primer, 1941, 1942, 1943, 
1944 (43C5, 72-5 heavy chain constant region), 2001, 2003, 
2004, 2006 (44B1 heavy chain constant region), 1937, 1938 
(43C5, 72-5, 44B1 light chain constant region), and 1980, 
1982, 1999, 2000, 2007, 2009 (72-5 light chain variable 
region) were used. 
[0092] 

Amplification products (cDNA) of the variable region 
and the constant region of each antibody gene obtained as 
above were confirmed by electrophoresis with 2% agarose gel, 
a band with a predicted molecular weight was excised, 
purified by a glass bead method, and subcloned to TOPO-TA 
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cloning vector plasmid. With regard to the 44B1 heavy 
chain variable region, in order to eliminate a pseudogene 
containing a transposon, the 5 f -RACE product was digested 
with an Xbal specific to the transposon region, two bands 
of about 700bp (44B1VH-700) and 800bp (44B1VH-800) , whose 
molecular weight did not change, were excised from the 
agarose gel, and subcloning was carried out. 
[0093] 

(2) Sequencing 

The plasmid obtained above was purified by a miniprep 
method in accordance with the manual of a BigDye 
(registered trademark) Terminator Cycle Sequencing Kit. 
That is, 400 ng of plasmid DNA was mixed with 4 pL of 
BigDye (registered trademark) , 2 jiL of 5x sequencing buffer, 
3.2 ]aL of sequencing primer (1 pM/ yiL) , and an appropriate 
amount of deionized water to give 20 pL, and a PCR reaction 
was carried out in a thermal cycler ( Per kin-Elmer GeneAmp 
(registered trademark) System 2400) (35 cycles: 96°C 10 
seconds, 55°C 5 seconds, 60°C 4 minutes) . Subsequently, 
desalination was carried out by means of a Performa DTR gel 
filtration cartridge, solvent was removed by means of a 
SpeedVac, 20 viL of Hi-Di formamide was added, and the 
mixture was heated at 95°C for 5 minutes then rapidly 
cooled in iced water for 2 minutes to give a sequence 
sample. Sequencing was carried out using an ABI PRISM 3100. 
[0094] 
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From the results, 6 types of sequences, that is, 43C5 
heavy chain (43C5H: SEQ ID NO: 1), 43C5 light chain (43C5L: 
SEQ ID NO: 2), 72-5 heavy chain (72-5H: SEQ ID NO: 3), 72-5 
light chain (72-5L: SEQ ID NO: 4), 44B1 heavy chain (44B1H: 
SEQ ID NO: 5), and 44B1 light chain (44B1L: SEQ ID NO: 6) 
were obtained. Table 6 shows the signal peptide region, 
the variable region, and the constant region of each 
sequence by base number. 
[Table 6] 





Signal peptide region 


Variable region 


Constant region 


43C5H 


116-172 


173-527 


528-1501 


43C5L 


111-167 


268-505 


506-827 


72-5H 


74-130 


131-476 


477-1450 


72-5L 


38-94 


95-426 


427-748 


44B1H 


149-205 


206-559 


560-1552 


44B1L 


90-149 


150-397 


398-806 



[0095] 

Example 4: Anti-prion antibody gene expression 

(1) Cloning to expression vector 

With regard to IgGl heavy chains of 43C5 and 72-5, 
the constant region was excised at 2 parts, that is, the 
EcoRI/Xmal site and the Xmal/Bglll site. Subsequently, the 
expression vector plasmid pCAcc was digested with 
EcoRI/Bglll, and into this was inserted the constant region 

(CH1-2) EcoRI/Xmal and the constant region (CH2-3) 
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Xmal/Bglll by 3 part ligation, thus preparing pCAcc/CH. 
Subsequently, this was digested with EcoRI/BstEII , and the 
cDNA of the variable region excised at the EcoRI/BstEII 
site was ligated at the EcoRI/BstEII site, thus giving 
expression plasmids pCAcc/43C5H and pCAcc/72-5H. 
[0096] 

With regard to k light chains of 43C5 and 44B1, the 
variable region was excised at the EcoRI/XhoI site, and the 
constant region was excised at the XhoI/BamHI site. These 
insert cDNAs were inserted into pCAcc/EcoRI/Bglll by 3 part 
ligation, thus giving expression plasmids pCAcc/43C5L and 
pCAcc/44BlL. 

With regard to 72-5k light chain, the pCAcc/43C5L 
prepared above was digested with EcoRI/XhoI, and into this 
was inserted the variable region excised at the EcoRI/XhoI 
site, thus giving expression plasmid pCAcc/72-5L. 

With regard to 44BlIgG 2a heavy chain, the variable 
region was excised at the EcoRI/PstI site, the constant 
region was excised at the Pstl/Bglll site, and they were 
inserted into pCAcc/EcoRI/Bglll by 3 part ligation, thus 
giving expression plasmid pCAcc/44BlH (see FIG. 2) . 
[0097] 

(2) Production of antibody 

293T cells were cultured on 6-well plate at 5 x 10 5 
cells/well for 12 hours. The expression plasmids obtained 
above were purified by a miniprep method to give 2.5 \ig 
each of expression plasmids for the heavy chain and the 
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light chain of each antibody, which were cotransf ected to 
293T cells by a lipofection method in accordance with the 
lipof ectAMINE (registered trademark) 2000 protocol. After 
culturing for 48 hours, 293T cells were collected, 
solubilized, and then subjected to SDS-PAGE under reducing 
conditions. Migrated gels were transferred on a nitro 
cellulose membrane, and expression of an antibody was 
confirmed by a horseradish-labeled anti-mouse IgG antibody. 
As shown in FIG. 3, antibody protein with a molecular 
weight of 175 to 180 kDa was detected under reducing 
conditions . 
[0098] 

In another experiment, an antibody secreted by 
transfected 293T cells was quantitatively measured by a 
sandwich ELISA method. 293T cells were transfected with 
the expression plasmid of each antibody in the same manner 
as above and cultured for 48 hours, and the supernatant was 
subsequently collected. As an immobilizing antibody that 
was to be bound to a plate, anti-mouse IgG antibody was 
used. 50 ]iL of the immobilizing antibody, whose 

concentration was adjusted with 0.1 M carbonate buffer (pH 
8.5) so as to give a predetermined concentration, was added 
to each well and incubated at 37°C for 1 hour, thus making 
it bind to the plate surface. Subsequently, in order to 
mask non-antigen-binding sites of the plate surface, 150 
liL/well of goat serum (blocking agent) was added, and a 
blocking operation was carried out at 37 °C for 1 hour. 
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After the blocking operation, each well was washed with 
0,02% Tween (registered trademark) -PBS for 5 minutes 3 
times to remove excess blocking agent. 
[0099] 

The culture supernatant and mouse IgG for a 
calibration curve were diluted to give predetermined 
concentrations, and 50 \ih thereof was added to each well of 
the plate after blocking. A reaction was carried out at 
37 °C for 1 hour, and each well was washed with 0.02% Tween 

(registered trademark) -PBS for 5 minutes 3 times. 
Subsequently, as a secondary antibody, the horseradish- 
labeled anti-mouse IgG antibody was diluted with goat serum 
to give a predetermined concentration and added. After a 
reaction was carried out at 37°C for 1 hour, the wells were 
washed, 100 of a colorimetric substrate (TMB) was added 
to each well and allowed to stand at 37 °C for 15 minutes, 
following this 50 pL/well of 1 N H 2 S0 4 , which is a reaction 
terminating solution, was added, and measurement was 
carried out at 450 nm. From the results, it was shown that 
an expression antibody was secreted in the culture 
supernatant of cells transfected with 44B1, 72-5, and 43C-5 
antibody genes (see Table 7). 

[0100] 

[Table 7] 
Table 7 

Quantitative analysis of anti-PrP antibody secreted by 
transfected cells 



Clone name 


44B1 


72-5 


43C-5 


Antibody concentration (yg/mL) 


230 


260 


10 



[0101] 

(3) Reactivity of recombinant antibody 

The reactivity of antibody secreted by a transfected 
cell toward prion protein was examined by a sandwich ELISA 
method. As shown in FIG. 4, it was confirmed that the 
recombinant antibody reacted with prion protein. 

[0102] 

Example 5: Preparation of anti-prion antibody gene- 
containing adenovirus 

(1) Architecture of anti-prion antibody gene-containing 
cosmid 

With regard to insert cDNA, antibody gene cDNA was 
excised from the pCAcc/IgH (pCAcc/43C5H, 72-5H, and 44B1H) 
and pCAcc/L (pCAcc/43C5L, 72-5L, and 44B1L) obtained in 
Example 4 at the Clal site, and purified by a glass milk 
method. As a cosmid vector, pWEAx-F/RGD/Clal/CIAP 

expressing an RGD fiber-modified adenovirus was used 
(Nakamura T et al . 2002. Hum Gene Ther 13(5): 613-26). A 
ligation reaction was carried out by adding the insert cDNA 
to 1 yg of the vector at a molar ratio in the range of 1:1 
to 10:1. Subsequently, 6 types of cosmids (pWEAx-4 3C5HL- 
F/RGD, pWEAx-43C5LL-F/RGD, pWEAx-72-5HL-F/RGD, pWEAx-72- 
5LL-F/RGD, pWEAx-4 4B1HL-F/RGD, pWEAx-44BlLL-F/RGD) 

containing each of the above-mentioned cDNAs were prepared 
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using a Gigapack III Gold Packaging kit (manufactured by 
Invitrogen) (see FIG . 5) . The cosmids were subjected to a 
DNA check by a restriction enzyme, then cultured on a 500 
mL scale, and purified with a NucleoBond BAC100. 
[0103] 

(2) Preparation of anti-prion antibody gene-containing 
adenovirus 

Adenovirus containing the heavy chain gene or the 
light chain gene of each anti-prion antibody was prepared 
by a single cosmid method or a COS-TPC method. 

1) Single cosmid method 

20 yg of the recombinant cosmid DNA obtained in 
Example 5 (1) was digested with Pad. The digest was 
extracted with phenol/chloroform, precipitated from ethanol, 
and dissolved in 20 pL of sterile distilled water, 5 \iq of 
the Pacl-digested cosmid thus obtained was transfected into 
293T cells cultured in a 10 cm petri dish by a lipofection 
method. Culturing was carried out at 37°C with 5% C0 2 
overnight, and cells were collected using EDTA-PBS(-). The 
original solution of the collected cell suspension, a 3 
times dilution, and a 5 times dilution were sown on a 
collagen coated 96-well plate. 

2) COS-TPC method 

5 pg of the recombinant cosmid DNA and 1 ]ig of the 
adenovirus genome DNA- T PC were transfected into 293T cells 
by a calcium phosphate method. Culturing was carried out 
at 37°C with 5% C0 2 overnight, and cells were collected 
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using EDTA-PBS(-). The original solution of the collected 
cell suspension, a 3 times dilution, and a 5 times dilution 
were sown on a collagen coated 96-well plate. 
[0104] 

3) Purification of adenovirus 

After five days and ten days, 50 pL of 10% FBS-DMEM 
was added to each of the wells prepared above. On the 7th 
day and thereafter, wells in which the virus had grown and 
the cells showed cytopathic changes were checked. A few 
days after this, the cells were collected together with the 
culture solution from a well in which all the cells showed 
cytopathic changes. The cells thus collected were 

subjected to centrif ugation after ultrasonic disintegration, 
and the supernatant was used as a primary virus solution. 

293T cells that had been cultured up to 70 to 100% 
confluent were prepared in a collagen-coated 24-well plate. 
2 wells of 293T cells were infected with each sample of the 
primary virus solution at 10 yiL/well. A few days after 
this, the cells were collected together with the culture 
solution from a well in which all the cells showed 
cytopathic changes. Part of the cell solution thus 
collected was subjected to centrif ugation after ultrasonic 
disintegration, and the supernatant was used as a secondary 
virus solution. The rest of the cell solution was 
subjected to centrif ugation and the medium was discarded to 
give a cell pack; after the total DNA was extracted, it was 
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digested with a restriction enzyme, and the structure of 

the recombinant adenovirus DNA was confirmed. 

[0105] 

With regard to the secondary virus solution, 293T 
cells were prepared in a 10 cm petri dish (90% confluent) 
and infected with 30 pL of the secondary virus solution. 
After 3 to 4 days, it was confirmed that all the cells 
showed cytopathic changes, and the cells were collected 
together with the culture solution. Part of the cell 
solution thus collected was used as a cell pack; after the 
total DNA was extracted, it was digested with a restriction 
enzyme, and the structure of the recombinant adenovirus DNA 
was confirmed. The rest of the cell solution was subjected 
to centrifugation after ultrasonic disintegration, and the 
supernatant was used as a tertiary virus solution and 
stored at -80°C. With regard to the tertiary virus 
solution, 30 plates of 293T cells in a 10 cm petri dish 
(90% confluent) were subsequently prepared and infected 
with 30 jiL of the tertiary virus solution. After 3 to 4 
days, it was confirmed that all the cells showed cytopathic 
changes, and the cells were collected together with the 
culture solution. After ultrasonic disintegration, virus 
purification was carried out by a CsCl step gradient method. 
It was confirmed that the purified virus was not 
contaminated with wild-type adenovirus by a DNA check using 
a restriction enzyme and PCR, and it was stored as a 
purified virus at -80°C. 



80 



In this way, 6 types of adenovirus vectors (Ax43C5H, 
Ax43C5L, Ax72-5H, Ax72-5L, Ax44BlH, and Ax44BlL) containing 
each of the above-mentioned cDNAs were obtained. 
[0106] 

Example 6: Preparation of mesenchymal stem cells (MSC) 
(1) Preparation of mouse MSC 

A thighbone was excised from a mouse (ICR or C57BL/6 
strain, 6 weeks old, female) under deep anesthesia; after 
surplus muscle tissue was removed in PBS-, the femoral head 
and a part immediately above the knee joint were cut off, 
and bone-marrow cells were washed out with 2 mL of a medium 
(2% FBS, penicillin/ streptomycin, L- glut amine- containing 
IMDM) in a 10 cm dish. The bone-marrow cells thus obtained 
were collected in a 50 mL tube (manufactured by Falcon) via 
a 70 \im mesh, washed with PBS (1000 rpm, 10 minutes), then 
suspended again in a culture medium (20% heat-inactivated 
CS or FBS, 50 \M 2 -ME, penicillin/streptomycin, L- 
glutamine-containing IMDM), and sown on a 6-well plate (1 
thighbone/well) . After the cells were cultured at 33°C 
with 5% C0 2 for 24 hours, floating cells were removed, and 
adherent cells were further cultured. Thereafter, the 
medium was replaced every 3 to 4 days. Subculturing was 
carried out by adding 1 mL of trypsin/EDTA, allowing it to 
stand at room temperature for 5 minutes, and then 
collecting easily detached cells. 
[0107] 
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Subsequently, among the above-mentioned adherent 
cells, CD45- cells were selected as follows. Cells on the 
14th (to 21st) day of culturing were first collected, 
washed with 2% FCS-containing IMDM 3 times, and resuspended 
in 2% FCS-containing IMDM at a concentration of 1 * 10 7 
cells/mL. The cell suspension thus obtained (1 mL) was 
mixed with 10 jjL of CD45 MicroBead liquid, and incubation 
was carried out at room temperature for 20 minutes. 
Subsequently, CD45- cells were separated by a magnetic cell 
separation method employing an AutoMACS (registered 
trademark) (manufactured by Miltenyi Biotec) . It was 
confirmed by FACS analysis (FIG. 6) and morphological 
observation (FIG. 7) that the cells thus obtained were 
CDllb- and CD45- mesenchymal stem cells (MSC) . From FIG. 7, 
it was found that a colony of CD45+ cells was a mixture of 
small cells and large, relatively broad cells, whereas a 
colony of CD45- cells was a single cell population of large 
broad cells alone, which is characteristic of mesenchymal 
stem cells. 
[0108] 

(2) Preparation of human MSC 

Human MSC was prepared in accordance with the 
description of Kobune M et al . 2003. Experimental 
Haematology 31: 1-8. That is, bone marrow mononuclear 
cells were collected from the posterior iliac crest of a 
healthy human volunteer, and incubated in a 150 cm 2 tissue 
culturing plastic flask overnight. Floating cells were 
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subsequently removed by washing, and adherent cells were 
cultured in a culture medium (10% heat inactivated fetal 
bovine serum-containing DMEM) at 37 °C with 5% C0 2 under a 
humid environment . 
[0109] 

Example 7: Introduction of anti-prion antibody gene into 
MSC 

(1) Introduction by adenovirus vector 

ICR mouse-derived MSC (ICR/MSC) was sown on a 24-well 
plate at a concentration of 5 * 10 4 cells/well, and Ax43C5H 
and Ax43C5L or Ax44BlH and Ax44BlL obtained in Example 5 
were each added thereto at a concentration of 1500 pu/cell, 
thus carrying out coinfection. After culturing for 48 
hours, the presence of antibody in the culture supernatant 
was evaluated by the Western blot method. The results 
obtained for 43C5 are shown in FIG . 8. Furthermore, the 
amount of antibody in the culture supernatant was 
quantitatively analyzed by a sandwich ELISA method in the 
same manner as in Example 4. The results are given in 
Table 8 below. 
[0110] 

(2) Introduction by electroporation 

2.5 \iq each of the expression plasmids pCAcc/72-5H 
and pCAcc/72-5L, or pCAcc/44BlH and pCAcc/44BlL were added 
to a cell suspension containing ICR mouse or human MSC at a 
concentration of 2 * 10 5 cells/100 yiL, and electroporation 
was carried out using a human MSC nucleofector kit 
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(manufactured by Amaxa Biosystems) in accordance with the 
manufacturer's protocol under U-23 high transfection 
efficiency conditions. Cells thus obtained were sown on a 
6-well plate, cultured for 48 hours, part of the culture 
supernatant was collected, and expression of the antibody 
was confirmed by an IsoStrip (manufactured by Roche 
Diagnostics) (FIG. 9). Following, this, culturing was 
carried out for a further 48 hours, and the amount of 
antibody in the culture supernatant was quantitatively 
analyzed by a sandwich ELISA method in the same manner as 
in Example 4. The results are given in Table 8 below. 
[0111] 
[Table 8] 

Table 8 Secretion of anti-prion antibody by MSC into 

which an anti-prion antibody gene has been introduced 



(unit: pg/10 5 cells/48 hours) 





Adenovirus 


Elect roporat ion 




ICR/MSC 


ICR/MSC 


Human MSC 


43C5 


4 






72-5 




0.63 


2.8 


44B1 


0 . 15 


0.28 


2.8 



[0112] 

Example 8: Preparation of agent for delivering substance to 
lesion site of prion disease 

(1) Introduction of LacZ gene to mesenchymal cells 
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ICR/MSC prepared in Example 6 (1) was sown on a 24- 
well plate at a concentration of 5 x io 3 cells/well, and 
cultured at 33°C for 12 hours with 5% C0 2 . Infection was 
carried out with adenovirus vector AxCAZ3-F/RGD expressing 
LacZ gene at concentrations of 0, 1000, 3000, and 10000 
pu/cell at 37°C for 1 hour, and after 48 hours X-gal 
staining was carried out. From the results, it was 
confirmed that at a concentration of 3000 pu/cell or 
greater, the LacZ gene was introduced into all of the cells 

(FIG. 10) . 

[0113] 

(2) Introduction of DsRed gene into mesenchymal cell 

Introduction of DsRed gene was carried out using a 
Nucleofector (manufactured by Maxa Biosys terns) Human MSC 
nuoleofector kit. That is, 2 * 10 5 counts of ICR/MSC 
prepared in Example 6 (1) or human MSC prepared in Example 
6 (2) were suspended in 100 ]ih of a transfection buffer, 2 
p.g of pCAcc/DsRed expression vector containing DsRed gene 
was added, and electroporation (program: U-23 high 
transfection efficiency) was carried out. Cells thus 
obtained were sown on a 6-well plate and cultured for 4 8 
hours, and the gene introduction efficiency was then 
examined by FACS . From the results, it was confirmed that 
a good gene introduction efficiency of 15.84% for human MSC 
and 5.78% for ICR/MSC was obtained (FIG. 11) . 

Since the MSC obtained in (1) and (2) above both can 
migrate to a lesion site of a prion disease, a desired gene 
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such as LacZ gene or DsRed gene or a gene product thereof 

can be delivered to the site. 

[0114] 

Example 9: Spongiform encephalopathy inhibiting effect by 
an ti -prion antibody 

The spongiform encephalopathy inhibiting effect of 
anti-prion antibodies 72-5 and 44B1 was evaluated using a 
prion disease model mouse. The subjects were 4 week old 
female ICR mice (CLEA Japan, Inc.). 2 yiL of 10% brain 
homogenate of the scrapie Obihiro strain (obtained from 
Hokkaido University) was intracerebrally administered to 
the subjects. According to this procedure, PrP Sc is 
normally detected in the brain after about 60 to 90 days 
(60 days and thereafter in the Western blot method, 90 days 
and thereafter in the immunohistochemical method) . All of 
the subjects exhibited typical symptoms of spongiform 
encephalopathy such as ataxia before 125 days after 
administration. On the 137th to 144th day after 

administration, which is clinically classified as midterm, 
72-5, 44B1, or KLH antibodies were injected into the dorsal 
third cerebroventricle of separate subjects using an Alzet 
(registered trademark) osmotic pump (200 yL/week, 28 
pg/mouse/day) . KLH means anti-KLH (Keyhole Limpet 

Haemocyanin) antibody (Fujirebio Inc.) and was used as a 
negative control. When the negative control exhibited late 
stage clinical symptoms such as emaciation or astasia, the 
subject was euthanized, and a brain tissue sample was 
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collected. The tissue thus sampled was subjected to 
histological analysis and the Western blot method, and the 
state of the brain tissue and the amount of PrP Sc 
accumulated were evaluated (the results are shown in FIG. 
12 and FIG. 13) . 
[0115] 

As is clear from FIG. 12, a large number of cavities 
characteristic of spongiform encephalopathy were observed 
in the brain tissue (thalamus) of the subject to which KLH 
as a negative control was administered, whereas such 
cavities were hardly observed in similar brain tissue of 
subjects to which 72-5 or 44B1 was administered. 
Furthermore, the amount of PrP Sc accumulated in the brain 
tissue of the subjects to which 72-5 or 44B1 was 
administered was clearly reduced compared with the subject 
to which KLH was administered (see FIG. 13) . It has 
therefore become clear that an anti-prion antibody such as 
72-5 and 44B1 prevents the accumulation of PrP Sc and can 
suppress the occurrence of spongiform encephalopathy 
disease . 
[0116] 

Example 10: Survival of MSC 

The ability of MSC to survive in the brain was 
evaluated using a prion disease model mouse. As subjects, 
an ICR mouse (infected mouse) that had been subjected to 
the procedure described in Example 9 and an ICR mouse 
(noninfected mouse) as a* control that had not been 
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subjected to such a procedure were used. On the 140th day 
after administration of PrP Sc , 1 * 10 4 counts of LacZ- 
expressing MSC prepared in Example 8 were implanted in the 
thalamus of the subject. On the 142nd day after 

administration of PrP Sc the mouse was euthanized, the brain 
tissue was stained with X-gal, and the distribution of MSC 
was evaluated. As shown in FIG. 14, it was found that in 
both the subjects, the implanted MSC survived in the 
implanted area. From the results of Examples 9 and 10, it 
can therefore be expected that the prion disease will be 
improved by implanting the anti-prion antibody-secreting 
MSC obtained in Example 7 in a prion disease model mouse. 
[0117] 

Example 11: Preparation of mouse-human chimera antibody 

Based on the nucleic acid sequence that codes for 
each of the mouse anti-prion antibodies (43C5, 72-5, and 
44B1) obtained in Example 3, the antibody constant region 
thereof was replaced with a human-derived one to give 
mouse-human chimera antibodies (m/h43C5, m/h72-5, and 
m/h4 4Bl) . A nucleic acid that codes for the human antibody 
constant region was obtained by a method described in 
Shibagaki et al. 1998 Eur J Immunol 28: 1125-1133, and 
Shibagaki et al . 1998 Eur J Immunol 29: 4081-4091. That is, 
a desired nucleic acid was obtained by an RT-PCR method 
using RNA from a myeloma cell line producing human-mouse 
chimera monoclonal antibody L6 as a template, SEQ ID NO: 28 
oligonucleotide as a forward primer, and SEQ ID NO: 29 
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oligonucleotide as a reverse primer (ref. Linsley et al. 
1991 J Exp Med 173: 721-30) . By linking a nucleic acid 
that codes for the signal peptide region and the variable 
region of each mouse antibody shown in Table 6 to the 
upstream of the nucleic acid obtained above, a nucleic acid 
that codes for the mouse-human chimera antibody was 
obtained, and its sequence was determined. The nucleic 
acid sequence and the amino acid sequence that code for 
each antibody were as shown in Table 9 below. 
[0118] 



[Table 9] 





Nucleic acid sequence 


Amino acid sequence 


m/h43C5 heavy chain 


SEQ . ID. NO: 30 


SEQ. ID. NO: 36 


m/h43C5 light chain 


SEQ . ID. NO: 31 


SEQ. ID. NO: 37 


m/h72-5 heavy chain 


SEQ. ID. NO: 32 


SEQ. ID. NO: 38 


m/h72-5 light chain 


SEQ. ID. NO: 33 


SEQ. ID. NO: 39 


m/h44Bl heavy chain 


SEQ. ID. NO: 34 


SEQ. ID. NO: 40 


m/h44Bl light chain 


SEQ. ID. NO: 35 


SEQ. ID. NO: 41 



The above-mentioned nucleic acid can be expressed by, 

for example, the same procedure as in Example 4, or 

expressed by introduction into MSC by the same method as in 
Example 7. 
[0119] 

Example 12: Effect of MSC cells in improving prion disease 

and migratory capacity to affected area 
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For example, 1 * 10 4 counts of anti-prion antibody 
gene-expressing MSC obtained in Example 7 or LacZ- 
expressing MSC obtained in Example 8 are intravenously 
administered to prion disease model mice described in 
Example 9 after the spongiform encephalopathy disease 
occurred (at least 125 days after inoculation with scrapie 
Obihiro strain) . After 2 to 20 days, some of the mice 
areeuthanized, the brain tissue is sampled in the same 
manner as in Example 9 and subjected to histological 
analysis and the Western blot method, and the state of the 
mouse brain tissue and the amount of PrP Sc accumulated are 
evaluated. The rest of the mice are observed with respect 
to changes in clinical state. This enabled the effect of 
MSC cells in improving the prion disease to be easily 
confirmed. Furthermore, the brain tissue sampled above is 
subjected to X-gal staining in the same manner as in 
Example 10, thus examining the distribution of MSC, and 
this enabled the capacity of the MSC cells to migrate to 
the area affected by the prion disease to be confirmed. 
[0120] 

Example 13: Effect of anti-prion antibody gene-containing 
vector and anti-prion antibody-secreting MSC cells in 
improving prion disease 

Anti-prion antibody gene-containing adenovirus (e.g. 
5 x 10 8 particles) obtained in Example 5 or anti-prion 
antibody gene-expressing MSC (e.g. 1 x 10 4 counts) obtained 
in Example 7 is intracerebrally administered to a prion 



90 



disease model mouse described in Example 9 after spongiform 
encephalopathy disease occurred (at least 125 days after 
inoculation with scrapie Obihiro strain) . After 2 to 20 
days, some of the mice are euthanized, the brain tissue is 
sampled in the same manner as in Example 9 and subjected to 
histological analysis and the Western blot method, and the 
state of mouse brain tissue and the amount of PrP Sc 
accumulated are evaluated. The rest of the mice are 
observed with respect to changes in clinical state. This 
enabled the effect of the adenovirus or MSC cells in 
improving the prion disease to be easily confirmed. 
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